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SUBJECT: Geologic and Geotechnical Investigation 
  RE:   1925 El Camino De La Luz  
   (Proposed Single-Family Residence - APN 045-100-024) 
   Santa Barbara, California   
 
 
Dear Representatives of the Emprise Trust: 
 
 Cotton, Shires and Associates, Inc. (CSA) is pleased to provide Emprise Trust with 
the following report wherein we describe the findings, conclusions and recommendations 
of our geologic and geotechnical investigation of the parcel at 1925 El Camino De La Luz 
(APN 045-100-024, ‘the parcel’), Santa Barbara (‘the City’), California.  It is our 
understanding that the trust is proposing to develop the parcel with a single-family 
residence and appurtenant structures.   The parcel was previously developed (between 
1956 and 1978) with a split-level single-family residence, and is currently (2012) partially 
developed in conjunction with El Camino De La Luz by a private driveway that jointly 
serves the parcels at 1925 and 1927 El Camino De La Luz, the City’s Mesa Sewer Trunk 
Line and areas that were graded by the City in 1978, and graded by the neighboring 
property owner at 1933-1937 El Camino De La Luz. 
 
 In the following report, we provide the results of our geotechnical surface and 
subsurface exploration, monitoring, and slope stability analyses relating to the currently 
proposed development of the parcel. Included in this report are an engineering geologic 
characterization and assessment of the site conditions, drainage, and slope stability, and 
geotechnical design recommendations for residential construction.  For clarity, we have 
provided an Executive Summary at the front of the report to summarize our pertinent 
conclusions and recommendations.   
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EXECUTIVEȱSUMMARYȱ
ȱ
Thisȱ Executiveȱ Summaryȱ providesȱ aȱ summaryȱ ofȱ theȱ pertinentȱ conclusionsȱ andȱ
recommendationsȱ resultingȱ fromȱCotton,ȱ Shiresȱ andȱAssociates,ȱ Inc.ȱ (CSA)’sȱ geologicȱ
andȱ geotechnicalȱ investigationȱ ofȱ theȱ parcelȱ atȱ 1925ȱ Elȱ CaminoȱDeȱ Laȱ Luzȱ inȱ Santaȱ
Barbara,ȱCalifornia.ȱȱTheȱparcelȱextendsȱbetweenȱtheȱMeanȱHighȱTideȱLineȱonȱtheȱbeachȱ
(atȱelevationȱ+4.63ȱfeetȱMLLW)1ȱandȱtheȱcenterlineȱofȱElȱCaminoȱDeȱLaȱLuzȱ(atȱelevationȱ
+140ȱ feet).ȱ Itȱ isȱ ourȱ opinionȱ thatȱ developmentȱ ofȱ aȱ singleȬfamilyȱ residenceȱ andȱ
appurtenantȱ structuresȱ isȱ feasibleȱwithinȱ theȱ proposedȱ developmentȱ envelopeȱ onȱ theȱ
parcelȱ providedȱ thatȱ theȱ recommendationsȱ ofȱ thisȱ reportȱ areȱ incorporatedȱ intoȱ theȱ
design,ȱconstruction,ȱandȱoperationȱofȱtheȱprojectȱduringȱitsȱ75Ȭyearȱeconomicȱlife.ȱȱȱ
ȱ
Theȱpotentialȱhazardsȱpresentȱatȱ theȱparcelȱ includeȱstaticȱandȱseismicȱslopeȱ instability,ȱ
longȬtermȱ toeȱ andȱ topȱ ofȱ bluffȱ retreat,ȱ waveȱ runȬup,ȱ saturationȱ ofȱ theȱ weatheredȱ
MontereyȱFormationȱstrata,ȱsurficialȱsoilȱcreep,ȱandȱexpansiveȱsurficialȱearthȱmaterials.ȱȱ
CSAȱanalyzedȱtheȱgeotechnicalȱparametersȱofȱtheȱsiteȱandȱtheȱstaticȱandȱseismicȱstabilityȱ
ofȱaȱrepresentativeȱcrossȱsectionȱthroughȱtheȱcentralȱportionȱofȱtheȱparcel.ȱȱTheȱlongȬtermȱ
(1950ȱthroughȱ2010)ȱpositionȱofȱtheȱdistinctȱcoastalȱbluffȱatȱtheȱparcelȱwasȱevaluatedȱbyȱ
JosephȱScepanȱGeoscienceȱConsultantȱ (September,ȱ2012),ȱandȱwaveȱrunȬupȱandȱcoastalȱ
hazardsȱ wereȱ evaluatedȱ byȱ Davidȱ Skellyȱ ofȱ GeoSoils,ȱ Inc.ȱ (July,ȱ 2012).ȱ ȱ Aȱ detailedȱ
discussionȱ ofȱ ourȱ findings,ȱ conclusionsȱ andȱ recommendationsȱ isȱ presentedȱ inȱ theȱ
technicalȱreportȱthatȱfollowsȱthisȱExecutiveȱSummary.ȱ
ȱ
Conclusionsȱ
ȱ

1) TheȱproposedȱbuildingȱenvelopeȱforȱtheȱsingleȬfamilyȱresidenceȱandȱappurtenantȱ
structuresȱ isȱ locatedȱ onȱ theȱ southȬfacing,ȱmoderatelyȱ steep,ȱ previouslyȱ gradedȱ
andȱ landslideȬimpactedȱ Westȱ Mesaȱ hillside,ȱ betweenȱ elevationȱ 86ȱ feetȱ andȱ
elevationȱ140ȱ feet1.ȱ ȱSubgradeȱ landformȱstabilizationȱandȱresidentialȱ foundationȱ
elementsȱareȱproposedȱ toȱextendȱ toȱapproximatelyȱ40ȱ toȱ50ȱ feetȱbelowȱexistingȱ
grade.ȱȱNoȱshorelineȱprotectiveȱstructureȱisȱproposed.ȱȱȱ
ȱ

2) Theȱpronouncedȱ topȱofȱcoastalȱbluffȱ isȱ locatedȱnearȱelevationȱ48ȱ toȱelevationȱ50ȱ
feet,ȱ approximatelyȱ 150ȱ toȱ 160ȱ feetȱ downslopeȱ ofȱ theȱ southernȱ limitȱ ofȱ theȱ
proposedȱ buildingȱ envelope.ȱ ȱ Theȱ coastalȱ bluffȱ faceȱ isȱ characterizedȱ byȱ aȱ

                                                      
1ȱAllȱelevationsȱinȱthisȱreportȱareȱinȱfeetȱaboveȱMeanȱLowerȱLowȱWaterȱ(MLLW),ȱunlessȱotherwiseȱ
indicated. 



 
 

precipitouslyȱ(50Ȭȱtoȱ75Ȭdegreeȱinclinations)ȱsteepȱslopeȱthatȱextendsȱdownȱtoȱtheȱ
toeȱofȱtheȱbluffȱatȱtheȱrearȱofȱtheȱpersistentȱcobbleȬsandȱbeachȱnearȱelevationȱ10ȱ
feet.ȱ ȱ Theȱ parcelȱ containsȱ noȱ elevatedȱmarineȱ terraceȱ orȱ “upperȱ riser”ȱ coastalȱ
bluff.ȱ

3) Theȱ proposedȱ developmentȱ envelopeȱ consistsȱ ofȱ previouslyȱ gradedȱ landslideȱ
debrisȱ(maximumȱofȱ12ȱfeetȱthick,ȱatȱtheȱdownslopeȱsideȱofȱtheȱbuildingȱenvelopeȱ
atȱelevationȱ90ȱ+5ȱfeet),ȱinȬplaceȱMontereyȱFormationȱbedrockȱforȱtheȱmajorityȱofȱ
theȱ buildingȱ envelope,ȱ andȱ shallowȱ terraceȱ deposits/fillȱ (upȱ toȱ 8ȱ feetȱ thick,ȱ atȱ
elevationȱ 126ȱ feetȱ toȱ elevationȱ 140ȱ feet).ȱ ȱ Theȱ Tertiaryȱ marineȱ sedimentaryȱ
bedrockȱmaterialsȱofȱ theȱMontereyȱFormationȱareȱcharacterizedȱbyȱ thinȬbeddedȱ
siliceousȱandȱcalcareousȱshaleȱwithȱinterbeddedȱmudstone.ȱȱThisȱrockȱformationȱ
isȱstrikingȱ (oriented)ȱnearlyȱeastȬwest,ȱandȱ isȱdippingȱmoderatelyȱ (generallyȱ20Ȭȱ
toȱ 35Ȭdegreeȱ inclinations)ȱ toȱ theȱ south/southwest.ȱ ȱ Theȱ orientationȱ ofȱ theȱ
MontereyȱFormationȱbedrockȱresultsȱ inȱaȱdipȬslopeȱconditionȱwithȱstratigraphicȱ
unitsȱdaylightingȱ inȱ theȱcoastalȱbluff.ȱ ȱTheȱparcelȱ (andȱeightȱadjacentȱparcelsȱ toȱ
theȱwestȱandȱeast)ȱexperiencedȱreactivatedȱlandslidingȱinȱ1978,ȱcharacterizedȱbyȱaȱ
deepȬseatedȱ translationalȱ landslideȱ thatȱaffectedȱ theȱparcelȱbelowȱelevationȱ130ȱ
feet.ȱ ȱTheȱrecommendedȱpierȱandȱgradeȱbeamȱresidentialȱfoundationȱwithinȱtheȱ
proposedȱdevelopmentȱenvelopeȱ isȱ toȱbeȱ locatedȱ inȱ intactȱMontereyȱFormationȱ
bedrock.ȱȱShearȱpinsȱwithȱtiebacksȱareȱproposedȱtoȱincreaseȱtheȱslopeȱstabilityȱofȱ
theȱbuildingȱenvelopeȱ toȱ industryȱacceptableȱstandardsȱ (i.e.,ȱ factorsȱofȱsafetyȱofȱ
1.5ȱforȱstaticȱandȱ1.1ȱforȱseismicȱconditions).ȱ

4) CSA’sȱ fieldȱ investigationȱ (2008Ȭ2011)ȱ includedȱdetailedȱ topographicȱ surveying,ȱ
engineeringȱgeologicȱmapping,ȱsmallȬȱandȱ largeȬdiameterȱboreholeȱexploration,ȱ
piezometerȱ andȱ inclinometerȱ installationȱ andȱ monitoringȱ toȱ facilitateȱ
constructionȱofȱaȱ representativeȱengineeringȱgeologicȱ crossȱ sectionȱ throughȱ theȱ
parcel.ȱ

5) Groundwaterȱ levelsȱ atȱ theȱ parcelȱ areȱ beingȱ monitoredȱ usingȱ multiȬstagedȱ
vibratingȱ wireȱ piezometers.ȱ Usingȱ theseȱ instruments,ȱ weȱ haveȱ documentedȱ
groundwaterȱ levelsȱ thatȱhaveȱ fluctuatedȱ littleȱoverȱ theȱmonitoringȱperiodȱ (Mayȱ
2011ȱtoȱJanuaryȱ2012),ȱwithȱgroundwaterȱdepthsȱrangingȱfromȱ22ȱtoȱ35ȱfeetȱbelowȱ
theȱgroundȱsurface.ȱ

6) Theȱparcelȱwillȱlikelyȱbeȱsubjectedȱtoȱstrong,ȱandȱperhapsȱviolent,ȱseismicȱgroundȱ
shakingȱwithinȱ theȱ 75Ȭyearȱ economicȱ lifeȱ ofȱ theȱdevelopment.ȱ ȱTheȱmaximumȱ
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earthquakeȱ eventsȱ onȱ nearbyȱ activeȱ faults,ȱ suchȱ asȱ theȱMissionȱ RidgeȬArroyoȱ
Parida,ȱSantaȱYnez,ȱoffshoreȱNorthȱChannelȱSlope,ȱRedȱMountain,ȱandȱOakridgeȱ
faults,ȱcouldȱresultȱinȱpeakȱgroundȱaccelerationsȱatȱtheȱsubjectȱpropertyȱofȱupȱtoȱ
0.51g.ȱȱBasedȱonȱaȱprobabilisticȱanalysisȱwithȱanȱexceedanceȱprobabilityȱofȱ10%ȱinȱ
50ȱyears,ȱaȱpeakȱgroundȱaccelerationȱofȱ0.44gȱwasȱdetermined.ȱ

7) Noȱknownȱactiveȱorȱpotentiallyȱactiveȱfaultsȱhaveȱbeenȱmappedȱacrossȱtheȱparcel,ȱ
andȱnoȱevidenceȱofȱfaultingȱwasȱidentifiedȱatȱit.ȱ

8) Theȱpersistentȱ(1850’sȱtoȱ2011)ȱorientationȱandȱpositionȱofȱtheȱcoastalȱbluffȱalongȱ
theȱsouthȱportionȱofȱtheȱparcelȱisȱprimarilyȱcontrolledȱbyȱcoastalȱprocessesȱwithinȱ
thisȱ subareaȱ ofȱ theȱ semiȬshelteredȱ Santaȱ Barbaraȱ Channel,ȱ butȱ hasȱ beenȱ
intermittentlyȱimpactedȱbyȱlandslidingȱ(inȱ1978)ȱasȱdescribedȱherein.ȱȱAnnualizedȱ
longȬtermȱcoastalȱbluffȱretreatȱratesȱforȱtheȱMesaȱsubȬregionȱofȱtheȱSantaȱBarbaraȱ
coastlineȱvary,ȱbutȱhaveȱpreviouslyȱbeenȱidentifiedȱtoȱbeȱapproximatelyȱ4ȱinchesȱ
perȱyearȱ(Fisher,ȱ2001),ȱ7.7ȱinchesȱperȱyearȱ(Norris,ȱ1968),ȱupȱtoȱ10ȱinchesȱperȱyearȱ
(Cityȱ ofȱ SantaȱBarbaraȱGeneralȱ Plan,ȱ Seismicȱ SafetyȱElement,ȱ 1979),ȱ and,ȱ onȱ aȱ
generalizedȱCityȬwideȱbasis,ȱ12ȱ inchesȱperȱyearȱduringȱ theȱplanningȱhorizonȱofȱ
theȱrecentlyȱupdatedȱGeneralȱPlanȱ (CityȱofȱSantaȱBarbara,ȱ2011).ȱHistoric,ȱ longȬ
termȱ (60ȱyear)ȱ coastalȱbluffȱ retreatȱ alongȱ thisȱparcelȱhasȱbeenȱ analyzedȱonȱ theȱ
basisȱofȱaerialȱphotographicȱimageryȱbetweenȱ1950ȱandȱ2010ȱtoȱbeȱatȱanȱaverageȱ
annualizedȱrateȱofȱ0.8Ȭ1.4ȱinches/yearȱalongȱtheȱtoeȱofȱtheȱcoastalȱbluff,ȱwhileȱasȱaȱ
resultȱ ofȱ theȱ 1978ȱ landslideȱ andȱ subsequentȱ marine,ȱ atmospheric,ȱ andȱ
anthropogenicȱ processes,ȱ theȱ topȱ ofȱ theȱ coastalȱ bluffȱ inȱ 2010ȱ isȱ 10.5Ȭ33.0ȱ feetȱ
furtherȱtoȱseawardȱ(south)ȱthanȱitȱwasȱinȱ1950ȱ(Scepan,ȱSeptember,ȱ2012).ȱ

9) ȱTheȱsoutherlyȱedgeȱofȱtheȱproposedȱresidenceȱisȱlocatedȱatȱelevationȱ92ȱfeet,ȱ150Ȭ
160ȱ feetȱupslopeȱofȱ theȱprominentȱ topȱofȱcoastalȱbluff,ȱandȱ thus,ȱ90ȱ toȱ100ȱ feetȱ
landwardȱofȱtheȱprojectedȱcoastalȱbluffȱretreatȱrangeȱduringȱtheȱ75Ȭyearȱeconomicȱ
lifeȱofȱtheȱresidence.2ȱ

10) ȱBasedȱonȱourȱslopeȱstabilityȱanalysis,ȱweȱconcludeȱthatȱtheȱproposedȱresidentialȱ
buildingȱ envelope,ȱwhileȱ locatedȱupslopeȱofȱ theȱmajorityȱofȱ theȱ1978ȱ landslideȱ

                                                      
2ȱSiteȬspecificȱhistoricalȱretreatȱrateȱ(toeȱofȱcoastalȱbluff,ȱ1950Ȭ2010):ȱȱ(A)ȱ0.8ȱinches/yearȱxȱ75ȱyearsȱ=ȱ
60ȱ inchesȱ (5ȱ feet),ȱ andȱ(B)ȱ 1.4ȱ inches/yearȱ xȱ 75ȱ yearsȱ =ȱ 105ȱ inchesȱ (8.75ȱ feet).ȱ Withȱ Coastalȱ
Commissionȇsȱadditionalȱ15ȱfeetȱsetbackȱ=ȱ20Ȭ23.5ȱfeet.ȱȱTheȱCityȇsȱadoptedȱgeneralizedȱcoastalȱbluffȱ
retreatȱrateȱ(withoutȱdistinctionȱbetweenȱtheȱtoeȱandȱtopȱofȱcoastalȱbluff)ȱisȱ12ȱinches/yearȱxȱ75ȱyearsȱ
=ȱ75ȱfeet,ȱplusȱCoastalȱCommissionȇsȱ15ȱfeet,ȱ=ȱ90ȱfeetȱfromȱtheȱtopȱofȱtheȱcoastalȱbluff. 



 
 

andȱatopȱintactȱMontereyȱFormationȱbedrock,ȱcurrentlyȱexhibitsȱaȱstaticȱfactorȱofȱ
safetyȱ(FS)ȱofȱ1.39.ȱȱResidentialȱfoundationȱrecommendationsȱareȱprovidedȱhereinȱ
toȱ improveȱ theȱbuildingȱenvelopeȱandȱupslopeȱhillsideȱstabilityȱ toȱ theȱ industryȱ
standardsȱ ofȱ FSȱ ǃȱ 1.5ȱ static,ȱ andȱ FSȱ ǃȱ 1.1ȱ toȱ 1.2ȱ seismicȱ (pseudoȬstaticȱwithȱ aȱ
seismicȱcoefficientȱkȱ=ȱ0.15).ȱȱ

ȱ
11)ȱȱTheȱStateȱofȱCaliforniaȱhasȱ summarizedȱ theȱ currentȱ standardȬofȬcareȱ forȱ slopeȱ

stabilityȱ analysisȱ inȱ Specialȱ Publicationȱ 117ȱ (“Guidelinesȱ forȱ Evaluatingȱ andȱ
MitigatingȱSeismicȱHazardsȱinȱCalifornia”,ȱDepartmentȱofȱConservationȱDivisionȱ
ofȱ Minesȱ andȱ Geology,ȱ 1997)ȱ andȱ “Recommendedȱ Proceduresȱ forȱ
ImplementationȱofȱDMGȱSpecialȱPublicationȱ117ȱGuidelinesȱ forȱAnalyzingȱandȱ
Mitigatingȱ Landslideȱ Hazardsȱ inȱ California”ȱ (Juneȱ 2002).ȱ ȱ Theseȱ guidelinesȱ
indicateȱthatȱtheȱacceptableȱfactorȱofȱsafetyȱ(FS)ȱforȱstaticȱconditionsȱisȱ1.5,ȱandȱforȱ
seismicȱ conditionsȱ (pseudoȬstaticȱ analysisȱ usingȱ aȱ seismicȱ coefficientȱ ofȱ 0.15)ȱ
variesȱ fromȱ 1.0ȱ toȱ 1.2.ȱ ȱ Itȱ isȱourȱunderstandingȱ thatȱ theȱ certifiedȱCityȱofȱ Santaȱ
BarbaraȱLocalȱCoastalȱProgramȱ(LCP)ȱZoningȱOrdinanceȱincorporatesȱtheseȱStateȱ
guidelinesȱbyȱreference.ȱ

ȱ
Recommendationsȱ
ȱ
A) Theȱ residentialȱ buildingȱ envelopeȱ shouldȱ beȱ stabilizedȱ usingȱ deep,ȱ reinforcedȱ

concreteȱpiersȱ (shearȱpins)ȱwithȱ tiebacks.ȱ ȱWeȱrecommendȱ thatȱaȱshearȱpinȱwallȱ
withȱtiebacksȱbeȱlocatedȱalongȱtheȱdownslopeȱsideȱofȱtheȱconstructionȱenvelope,ȱ
nearȱelevationȱ90ȱ feet.ȱ ȱ Inȱaddition,ȱanȱupperȱ shearȱpinȱwall,ȱwithoutȱ tiebacks,ȱ
shouldȱbeȱlocatedȱnearȱelevationȱ115ȱfeet,ȱbutȱcouldȱbeȱincorporatedȱasȱpartȱofȱtheȱ
residentialȱfoundationȱstructure.ȱȱTheseȱfoundationȱelementsȱshouldȱbeȱdesignedȱ
toȱresistȱtheȱanticipatedȱlateralȱloadsȱimposedȱbyȱtheȱupslopeȱearthȱmaterials,ȱasȱ
discussedȱinȱSectionsȱ4ȱandȱ6,ȱbelow,ȱinȱorderȱthatȱtheȱbuildingȱenvelopeȱandȱareaȱ
upslopeȱofȱitȱachieveȱstaticȱandȱseismicȱFactorsȱofȱSafetyȱofȱǃȱ1.5ȱandȱǃȱ1.1ȱtoȱ1.2,ȱ
respectively.ȱ
ȱ

B) Theȱ residentialȱ structureȱ shouldȱ beȱ supportedȱ onȱ aȱ pierȬandȬgradeȱ beamȱ
foundationȱ systemȱwithȱpiersȱembeddedȱaȱminimumȱofȱ20ȱ feetȱ intoȱ competentȱ
bedrockȱmaterials.ȱ
ȱ

C) Becauseȱofȱtheȱdetrimentalȱinfluenceȱofȱwaterȱonȱstability,ȱerosion,ȱandȱexpansionȱ
ofȱearthenȱmaterial,ȱitȱisȱimportantȱthatȱsurfaceȱwaterȱbeȱstrictlyȱcontrolledȱinȱtheȱ
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projectȱ area.ȱ ȱWeȱ recommendȱ thatȱallȱ surfaceȱwaterȱwithinȱ andȱupslopeȱofȱ theȱ
developmentȱonȱtheȱparcelȱbeȱcapturedȱandȱdirectedȱ inȱclosedȱpipe(s)ȱtoȱoneȱorȱ
moreȱtanksȱforȱbeneficialȱreuse,ȱorȱinȱtheȱalternative,ȱbeȱdischargedȱintoȱtheȱCity’sȱ
municipalȱdrainageȱsystem.ȱ ȱ ȱ Inȱnoȱeventȱ shouldȱanyȱwaterȱ fromȱ theȱproposedȱ
developmentȱ beȱ dischargedȱ to,ȱ orȱ overȱ (down),ȱ theȱ coastalȱ bluff.ȱ ȱ Itȱ willȱ beȱ
importantȱ thatȱ surfaceȱandȱ subsurfaceȱdrainageȱareȱ strictlyȱ controlledȱ toȱavoidȱ
infiltrationȱofȱrainfallȱorȱanthropogenicȱwaterȱtoȱgroundȱ(e.g.,ȱintoȱanyȱremainingȱ
artificialȱfill,ȱterraceȱdeposits,ȱorȱnearȱtheȱtopȱofȱcoastalȱbluff)ȱorȱintoȱand/orȱoverȱ
theȱcoastalȱbluff.ȱȱȱCSAȱencouragesȱutilizationȱofȱlowȱstatureȱ(fireȱresistant)ȱdeepȬ
rootedȱ nativeȱ vegetationȱ thatȱ doesȱ notȱ requireȱ substantialȱ irrigationȱ inȱ theȱ
residentialȱreȬuseȱprojectȱlandscaping.ȱ
ȱ

D) Weȱrecommendȱinstallingȱhorizontalȱdrainsȱalongȱtheȱdownslopeȱshearȱpinȱwallȱ
toȱhelpȱpreventȱaȱriseȱinȱtheȱgroundwaterȱlevelsȱoverȱthoseȱobservedȱduringȱourȱ
monitoringȱperiod.ȱȱ
ȱ

E) Weȱrecommendȱthatȱallȱwaterȱfixturesȱonȱtheȱparcelȱbeȱ installedȱwithȱautomaticȱ
shutȬoffȱandȱbackȬflowȱvalves,ȱasȱapplicable,ȱandȱthatȱconnectingȱlateralȱpipesȱbeȱ
locatedȱinȱseparateȱconduits.ȱ
ȱ

F) Weȱrecommendȱthatȱallȱutilityȱlinesȱandȱtrenchesȱonȱtheȱparcel,ȱincludingȱbutȱnotȱ
limitedȱ toȱ theȱ City’sȱMesaȱ Trunkȱ Lineȱ Sewer,ȱ beȱ checked,ȱ andȱ upgradedȱ asȱ
necessary,ȱtoȱpreventȱexfiltrationȱofȱwaterȱtoȱtheȱparcel.ȱ

ȱ
G) Weȱrecommendȱthatȱgradingȱatȱtheȱsiteȱbeȱkeptȱtoȱaȱminimum,ȱandȱthatȱgradingȱ

orȱ foundationȱ constructionȱ beȱ performedȱ onlyȱ duringȱ theȱ dryȱ season.ȱ ȱ Weȱ
recommendȱ thatȱ priorȱ toȱ theȱ startȱ ofȱ construction,ȱ theȱ inclinometersȱ andȱ
piezometersȱbeȱmonitoredȱandȱsurfaceȱconditionsȱupslopeȱandȱdownslopeȱofȱtheȱ
buildingȱenvelope,ȱandȱatȱtheȱcoastalȱbluff,ȱonȱtheȱparcelȱbeȱdocumented.ȱȱȱ

ȱ
H) Theȱ designȱ drawingsȱ andȱ specificationsȱ forȱ allȱ proposedȱ (regulatoryȱ agencyȬ

approved)ȱ improvementsȱ(development)ȱonȱtheȱparcelȱshouldȱbeȱreviewedȱbyȱaȱ
CertifiedȱEngineeringȱGeologistȱandȱRegisteredȱGeotechnicalȱEngineerȱtoȱassureȱ
thatȱ theȱ recommendationsȱ ofȱ thisȱ reportȱ andȱ siteȬspecificȱ designȱ criteriaȱ areȱ
adequatelyȱincorporatedȱintoȱprojectȱdesignȱandȱconstruction.ȱ
ȱ
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I) CSAȱrecommendsȱaȱminimumȱmonitoringȱandȱreportingȱprogramȱofȱconditionsȱ
atȱ theȱ parcelȱ duringȱ theȱ 75Ȭyearȱ economicȱ lifeȱ ofȱ theȱ proposedȱ projectȱ toȱ
documentȱitsȱperformanceȱandȱtoȱinformȱtheȱpropertyȱownerȱandȱpublicȱagenciesȱ
ofȱ anyȱ substantialȱ changesȱ inȱ them.
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GEOLOGICȱANDȱGEOTECHNICALȱINVESTIGATIONȱ

1925ȱElȱCaminoȱDeȱLaȱLuzȱ
SantaȱBarbara,ȱCaliforniaȱ

ȱ
1.0ȱ INTRODUCTIONȱ
ȱ
Thisȱreportȱcontainsȱ theȱ findings,ȱconclusions,ȱandȱrecommendationsȱofȱCotton,ȱShiresȱ
andȱAssociates,ȱ Inc.ȱ (i.e.,ȱCSA’s)ȱgeologicȱ andȱgeotechnicalȱ investigationȱofȱ theȱparcelȱ
locatedȱ atȱ 1925ȱ ElȱCaminoȱDeȱ LaȱLuz,ȱ inȱ theȱCityȱ ofȱ Santaȱ Barbaraȱ (theȱCity),ȱ Santaȱ
Barbaraȱ County,ȱ Californiaȱ Ȭȱ APNȱ 045Ȭ100Ȭ024ȱ (seeȱ LocationȱMap,ȱ Figureȱ 1).ȱ ȱ Thisȱ
investigationȱreportȱ isȱ theȱculminationȱofȱaȱ threeȬyearȱstudyȱofȱ theȱparcelȱandȱadjacentȱ
areas.ȱ ȱ Itȱ isȱ ourȱ understandingȱ thatȱ theȱ resultsȱ ofȱ ourȱ geologicȱ andȱ geotechnicalȱ
investigationȱwillȱaccompanyȱ focusedȱ investigationsȱ relatingȱ toȱbluffȱ retreatȱbyȱ Josephȱ
ScepanȱGeoscienceȱConsultantȱ(September,ȱ2012),ȱandȱaȱcoastal/waveȱhazardsȱevaluationȱ
performedȱbyȱDavidȱSkellyȱofȱGeoSoils,ȱInc.ȱ(July,ȱ2012).ȱȱInȱourȱinvestigationȱreport,ȱweȱ
specificallyȱ addressȱ theȱ geologicȱ conditions,ȱ slopeȱ stability,ȱ andȱ geotechnicalȱ designȱ
recommendationsȱforȱresidentialȱdevelopmentȱonȱtheȱparcel.ȱȱ
ȱ
1.1 ProposedȱDevelopmentȱ

ȱ
Itȱ isȱ ourȱ understandingȱ thatȱ theȱ proposedȱ developmentȱ isȱ toȱ includeȱ aȱ singleȬfamilyȱ
residenceȱandȱappurtenantȱstructuresȱlocatedȱinȱtheȱnortherlyȱportionȱofȱtheȱ50Ȭfootȱwideȱ
parcel,ȱ nearȱ theȱ southernȱ terminusȱ ofȱ theȱ drivewayȱ thatȱ isȱ itsȱ ‘flag’ȱ portion.ȱ ȱ Weȱ
understandȱ thatȱ theȱ baseȱ elevationȱ ofȱ theȱ buildingȱ padȱ isȱ toȱ beȱ atȱ approximatelyȱ
elevationȱ 92ȱ feetȱ (plusȱ orȱminusȱ approximatelyȱ 5ȱ feet),ȱ andȱ theȱ topȱ elevationȱ ofȱ theȱ
proposedȱresidenceȱandȱappurtenantȱstructuresȱwillȱbeȱbelowȱelevationȱ130ȱfeet.ȱȱȱ
ȱ
1.2 Backgroundȱ

ȱ
Theȱ+0.44Ȭacreȱparcelȱisȱpresentlyȱ(2012)ȱdevelopedȱinȱvariousȱpartsȱwithȱElȱCaminoȱDeȱ
LaȱLuz,ȱaȱconnectingȱdrivewayȱthatȱservesȱbothȱ1925ȱandȱ1927ȱElȱCaminoȱDeȱLaȱLuz,ȱaȱ
segmentȱofȱ theȱCity’sȱcombinationȱgravityȱ flowȱandȱpumpedȱ1940’sȱvitrifiedȱclayȱpipeȱ
MesaȱTrunkȱLineȱSewer,3ȱotherȱpublicȱutilityȱconduits,ȱaȱminorȱsubarealȱstormwaterȱvȬ
ditchȱ thatȱ dischargesȱ toȱ 1921ȱ Elȱ Caminoȱ Deȱ Laȱ Luz,ȱ olderȱ woodenȱ fencingȱ atȱ theȱ

                                                      
3ȱInȱorȱaboutȱ2006,ȱtheȱCityȱinstalledȱanȱinteriorȱliningȱinȱtheȱsewerȱpipe. 
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southerlyȱendȱofȱtheȱdriveway,ȱtheȱCity’sȱpostȬ1978ȱlandslideȱgradingȱenvelope,ȱandȱtheȱ
Doolittle,ȱetȱal.ȱ1984ȱgradingȱenvelope.ȱȱȱ
ȱ
TheȱparcelȱwasȱcreatedȱbyȱCityȱapprovalȱofȱaȱminorȱlandȱdivisionȱ(lotȱsplit)ȱinȱ1955ȱandȱ
developedȱinȱ1956ȱpursuantȱtoȱanȱinclusiveȱCityȱbuildingȱpermitȱwithȱaȱsplitȬlevelȱtwoȬ
storyȱresidenceȱandȱappurtenances.4ȱ ȱTheȱresidenceȱwasȱ locatedȱonȱaȱnotchedȱbuildingȱ
padȱatȱtheȱtopȱofȱtheȱheadscarpȱofȱaȱpreȬexistingȱlandslide.ȱȱTheȱdrivewayȱfunctionedȱtoȱ
drainȱ stormwaterȱ runoffȱ fromȱ theȱ streetȱ andȱ otherȱ imperviousȱ surfacesȱ onȱ adjoiningȱ
parcelsȱtoȱaȱdrainageȱditchȱalongȱtheȱeastȱsideȱofȱtheȱhouse.ȱȱAȱlargeȱlandslideȱmobilizedȱ
inȱtheȱareaȱofȱ2001ȱthroughȱ1903ȱElȱCaminoȱDeȱLaȱLuzȱbetweenȱFebruaryȱ11/12ȱandȱ14,ȱ
1978,ȱ duringȱ aȱ periodȱ ofȱ heavyȱ rainfall.ȱ ȱ Itsȱ catastrophicȱ failureȱ onȱ theȱ latterȱ dateȱ
impactedȱ eightȱ parcelsȱ andȱ resulted,ȱ amongȱ otherȱ impacts,ȱ inȱ theȱ destructionȱ ofȱ theȱ
residenceȱandȱappurtenancesȱsouthȱofȱtheȱdrivewayȱatȱ1925ȱElȱCaminoȱDeȱLaȱLuz.ȱȱTheȱ
Cityȱsubsequentlyȱ removedȱsome,ȱbutȱnotȱall,ȱofȱ theȱstructuralȱdebrisȱ fromȱ theȱparcel,ȱ
superficiallyȱgradedȱitȱaboveȱelevationȱ60ȱfeet,ȱandȱinȱtheȱprocessȱestablishedȱtheȱterrainȱ
thatȱcurrentlyȱexistsȱinȱthatȱarea.ȱȱȱ
ȱ
Inȱ1984,ȱgradingȱoccurredȱonȱ2001Ȭ1927ȱElȱCaminoȱdeȱlaȱLuzȱtoȱfillȱtheȱlandslideȱgrabenȱ
andȱ constructȱaȱbenchedȱkeywayȱandȱ subdrainȬsupportedȱbuttressȱonȱ theseȱparcelsȱ toȱ
helpȱsupportȱtheȱresidenceȱatȱ1933ȱElȱCaminoȱdeȱlaȱLuzȱandȱtheȱMesaȱTrunkȱLineȱSewer,ȱ
andȱextendedȱthroughȱverticalȱcuttingȱofȱtheȱcoastalȱbluffȱtopȱandȱadjacentȱhillsideȱontoȱ
westerlyȱ 1925ȱ Elȱ Caminoȱ deȱ laȱ Luz.ȱ ȱ ȱAerialȱ photographyȱ fromȱ 1979ȱ toȱ theȱ presentȱ
indicatesȱthatȱpostȬ1978ȱlandslideȱcoastalȱprocessesȱsubstantiallyȱrestoredȱtheȱorientationȱ
andȱ positionȱ ofȱ theȱ coastalȱ bluff,ȱ whichȱ hadȱ beenȱ translatedȱ seaward,ȱ withinȱ
approximatelyȱ 20ȱmonths.ȱ ȱTheȱ gradedȱ terrainȱ ofȱ theȱparcelȱhasȱ remainedȱ essentiallyȱ
unchangedȱduringȱtheȱsubsequentȱyears,ȱincludingȱthroughȱseveralȱsubstantiallyȱaboveȬ
averageȱprecipitationȱrainȱyears.ȱȱȱȱ
ȱ
Aȱpriorȱgeotechnicalȱinvestigationȱwasȱperformedȱonȱtheȱadjacentȱ1921ȱElȱCaminoȱDeȱLaȱ
Luzȱparcelȱ inȱ 2006ȱbyȱPadreȱAssociates,ȱ Inc.ȱ toȱ analyzeȱ theȱgeologyȱ andȱgeotechnicalȱ
conditionsȱ ofȱ thatȱ siteȱ inȱ theȱ contextȱ ofȱ aȱ proposedȱ residenceȱ onȱ theȱ upperȱ hillsideȱ
portionȱ ofȱ thatȱ parcel.ȱ ȱ Padres’ȱ investigationȱ includedȱ theȱ drillingȱ ofȱ twoȱ 18Ȭinchȱ
diameterȱ andȱ threeȱ 24Ȭinchȱ diameterȱ boreholes;ȱ theȱ threeȱ 24Ȭinchȱ diameterȱ boreholesȱ
wereȱ downholeȱ loggedȱ byȱ theȱ projectȱ geologist.ȱ ȱ Laboratoryȱ testsȱ wereȱ performed,ȱ
includingȱdirectȱshearȱtestingȱofȱdownholeȱsamples.ȱ
                                                      
4ȱTheȱElȱCaminoȱDeȱLaȱLuzȱareaȱofȱtheȱWestȱMesaȱwasȱsubstantiallyȱbuiltȱoutȱwithȱsingleȬfamilyȱ
residencesȱduringȱtheȱ1950’sȬ1970’s. 



 
 

ȱ
Asȱpartȱofȱourȱinvestigation,ȱweȱreviewedȱbackgroundȱdocumentsȱandȱmaps,ȱincludingȱ
theȱPadreȱAssociates,ȱInc.ȱinvestigationȱreportȱandȱcommentsȱonȱit.ȱȱHowever,ȱCSAȱhasȱ
notȱ reliedȱ inȱ ourȱ investigation,ȱ conclusions,ȱ orȱ recommendationsȱ onȱ Padres’ȱ data,ȱ
laboratoryȱtestȱresults,ȱdownholeȱinterpretations,ȱorȱgeologicȱmapping.ȱ
ȱ
1.3ȱ PurposeȱandȱScopeȱofȱWorkȱ
ȱ
Theȱobjectivesȱofȱthisȱgeologicȱandȱgeotechnicalȱinvestigationȱhaveȱbeenȱtoȱcharacterizeȱ
theȱsiteȱsurfaceȱandȱsubsurfaceȱgeologicȱconditions,ȱdetermineȱ theȱstabilityȱstateȱofȱ theȱ
site,ȱandȱprovideȱgeotechnicalȱdesignȱrecommendationsȱforȱconstructionȱofȱtheȱproposedȱ
residenceȱ andȱ appurtenances.ȱ ȱ Throughȱ explorationȱ ofȱ theȱ surfaceȱ andȱ subsurfaceȱ
geologicȱ conditionsȱ andȱ laboratoryȱ testingȱ ofȱ representativeȱ earthȱ materials,ȱ theȱ
geometryȱ andȱ engineeringȱ propertiesȱ ofȱ theȱ surficialȱ earthȱ materialsȱ andȱ bedrockȱ
materialsȱ wereȱ characterizedȱ toȱ allowȱ ourȱ firmȱ toȱ performȱ detailedȱ slopeȱ stabilityȱ
analysesȱandȱprovideȱgeotechnicalȱdesignȱrecommendationsȱforȱconstruction.ȱ ȱ ȱToȱfullyȱ
addressȱtheseȱobjectives,ȱweȱperformedȱtheȱfollowingȱscopeȱofȱwork:ȱ
ȱ

1.ȱ DocumentȱResearchȱȬȱGeologicȱandȱgeotechnicalȱdocuments,ȱreports,ȱandȱ
mapsȱ pertinentȱ toȱ theȱ siteȱwereȱ obtained,ȱ reviewedȱ andȱ analyzedȱ (seeȱ
Sectionsȱ 8.1,ȱ Documents/Mapsȱ andȱ Technicalȱ References,ȱ forȱ aȱ listȱ ofȱ
documents,ȱmapsȱandȱtechnicalȱpublicationsȱreviewed).ȱȱ

ȱ
2.ȱ Evaluationȱ ofȱAerialȱ Photographsȱ ȬȱAerialȱ photographsȱ takenȱ betweenȱ

1929ȱandȱ2005ȱwereȱanalyzedȱbyȱstereoscopicȱviewingȱtoȱidentify,ȱwithinȱ
theȱ limitationsȱ ofȱ theȱ individualȱ photographs,ȱ geologicȱ hazardsȱ and/orȱ
historicalȱchangesȱinȱtopographyȱ(seeȱSectionȱ8.2,ȱAerialȱPhotographs,ȱforȱ
aȱlistȱofȱaerialȱphotographsȱevaluated).ȱȱȱȱ

ȱ
3.ȱ TopographyȱSurveyingȱ–ȱWeȱgeneratedȱanȱoriginal,ȱdetailedȱtopographicȱ

baseȱ mapȱ ofȱ theȱ parcelȱ usingȱ ourȱ totalȱ stationȱ theodoliteȱ surveyingȱ
equipment.ȱȱThisȱtopographicȱsurveyȱprovidesȱtheȱnecessaryȱandȱaccurateȱ
baseȱmapȱuponȱwhichȱourȱengineeringȱgeologicȱmappingȱwasȱperformed,ȱ
andȱ forȱ generatingȱ theȱ topographicȱ profileȱ forȱ useȱ inȱ slopeȱ stabilityȱ
analysis,ȱandȱforȱevaluatingȱtheȱcoastalȱlandforms,ȱincludingȱtheȱtopȱandȱ
toeȱofȱtheȱcoastalȱbluff.ȱ

ȱ
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4.ȱ Engineeringȱ GeologicȱMappingȱ –ȱ Theȱ regionalȱ geologyȱwasȱ reviewed,ȱ
andȱ detailedȱ engineeringȱ geologicȱ fieldȱ mappingȱ wasȱ performedȱ toȱ
determineȱ theȱ siteȬspecificȱ geologicȱ conditionsȱ ofȱ theȱ subjectȱ property.ȱ
Theȱbluffȱfaceȱandȱtheȱgeologicȱexposuresȱonȱtheȱbeachȱatȱtheȱsouthȱendȱofȱ
theȱ parcelȱ wereȱ mappedȱ inȱ detailȱ toȱ supplementȱ ourȱ surfaceȱ andȱ
subsurfaceȱexplorationȱprogramȱ(seeȱPlateȱ1,ȱEngineeringȱGeologicȱMap,ȱ
inȱpocketȱatȱbackȱofȱreport).ȱ

ȱ
5.ȱ SmallȬDiameterȱ Subsurfaceȱ Investigationȱ –ȱ Threeȱ (3),ȱ 8Ȭinchȱ diameterȱ

boringsȱwereȱexcavated,ȱlogged,ȱandȱsampledȱtoȱdepthsȱofȱ98ȱtoȱ100ȱfeetȱ
onȱ 1925ȱ Elȱ Caminoȱ Deȱ Laȱ Luzȱ toȱ determineȱ theȱ subsurfaceȱ geologicȱ
conditionsȱ inȱ theȱ subjectȱarea.ȱ ȱWeȱalsoȱexcavatedȱandȱ sampledȱ twoȱ (2)ȱ
additionalȱ smallȬdiameterȱ boreholesȱ onȱ theȱ adjacentȱ propertyȱ (1921ȱ Elȱ
Caminoȱ Deȱ Laȱ Luz),ȱ whichȱ wereȱ usedȱ toȱ aidȱ inȱ subsurfaceȱ
characterizationȱofȱtheȱparcel.ȱȱTheseȱfiveȱboringsȱwereȱloggedȱinȱtheȱfieldȱ
byȱourȱstaffȱandȱprincipalȱengineeringȱgeologistsȱ(seeȱAppendixȱA,ȱFieldȱ
Investigationȱforȱlogsȱofȱtheseȱborings).ȱ

ȱ
6.ȱ LargeȬDiameterȱ Subsurfaceȱ Investigationȱ –ȱ Twoȱ (2),ȱ 24Ȭinchȱ diameterȱ

boringsȱwereȱexcavated,ȱlogged,ȱandȱsampledȱtoȱdepthsȱofȱ26ȱtoȱ30ȱfeetȱonȱȱ
1925ȱ Elȱ Caminoȱ Deȱ Laȱ Luzȱ toȱ determineȱ theȱ subsurfaceȱ geologicȱ
conditionsȱ atȱ theȱ parcel.ȱ ȱ Weȱ alsoȱ excavatedȱ andȱ sampledȱ oneȱ (1)ȱ
additionalȱ largeȬdiameterȱ boreholeȱ onȱ theȱ adjacentȱ propertyȱ (1921ȱ Elȱ
CaminoȱDeȱLaȱLuz),ȱwhichȱwasȱusedȱtoȱaidȱinȱsubsurfaceȱcharacterizationȱ
ofȱ theȱparcel.ȱ ȱTheseȱ threeȱboringsȱwereȱ loggedȱ inȱ theȱ fieldȱbyȱourȱstaffȱ
andȱprincipalȱengineeringȱgeologistsȱ(seeȱAppendixȱA,ȱFieldȱInvestigationȱ
forȱlogsȱofȱtheseȱborings).ȱ

ȱ
7.ȱ Instrumentationȱ –ȱ Weȱ installedȱ threeȱ slopeȱ inclinometersȱ andȱ threeȱ

piezometersȱwithinȱtheȱthreeȱsmallȬdiameterȱboringsȱonȱtheȱparcelȱinȱMayȱ
2011ȱ toȱ helpȱ evaluateȱ theȱ groundwaterȱ levelsȱ atȱ depth,ȱ andȱ toȱ
assess/characterizeȱ anyȱ slopeȱ movement.ȱ ȱ Weȱ haveȱ subsequentlyȱ
regularlyȱ monitoredȱ theseȱ instrumentsȱ andȱ recordedȱ theirȱ dataȱ (seeȱ
AppendixȱC,ȱMonitoring,ȱforȱresults).ȱ

ȱ
8.ȱ LaboratoryȱTestingȱ ȬȱLaboratoryȱ testsȱwereȱperformedȱonȱrepresentativeȱ

earthȱmaterialsȱ toȱobtainȱ criticalȱengineeringȱpropertiesȱ forȱuseȱ inȱ slopeȱ
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stabilityȱ analysesȱ andȱ foundationȱ designȱ criteriaȱ (seeȱ Appendixȱ B,ȱ
LaboratoryȱTesting,ȱforȱresults).ȱ

ȱ
9.ȱ SlopeȱStabilityȱAnalysesȱ–ȱStaticȱandȱseismicȱslopeȱstabilityȱanalysesȱwereȱ

performedȱforȱcriticalȱfailureȱsurfacesȱonȱaȱrepresentativeȱcrossȱsectionȱtoȱ
evaluateȱ theȱ stabilityȱ ofȱ theȱ siteȱ duringȱ seismicȱ andȱ staticȱ (highȱ
groundwater)ȱ conditionsȱ (seeȱ Appendixȱ D,ȱ Slopeȱ Stabilityȱ Analysisȱ
Results).ȱ

ȱ
10.ȱ GeotechnicalȱAnalysesȱandȱFormulationȱofȱRecommendationsȱ–ȱResearch,ȱ

field,ȱ laboratory,ȱ andȱ slopeȱ stabilityȱdataȱwereȱ analyzedȱ toȱ characterizeȱ
theȱ geologicȱ andȱ geotechnicalȱ siteȱ conditions.ȱ ȱ Theȱ conclusionsȱ andȱ
recommendationsȱ setȱ forthȱ inȱ thisȱ reportȱ wereȱ developedȱ fromȱ theseȱ
analyses.ȱ

ȱ
11.ȱ PresentationȱofȱFindingsȱȬȱThisȱreportȱandȱtheȱaccompanyingȱillustrationsȱ

wereȱ preparedȱ toȱ summarizeȱ theȱ findings,ȱ conclusionsȱ andȱ
recommendationsȱofȱourȱinvestigation.ȱ
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2.0ȱ PHYSICALȱSETTING 
ȱ
Theȱparcelȱatȱ1925ȱElȱCaminoȱDeȱLaȱLuzȱ isȱapproximatelyȱ344ȱfeetȱ inȱ length,ȱ50ȱfeetȱ inȱ
widthȱalongȱitsȱmainȱ‘flag’ȱbody,ȱandȱhasȱaȱ200Ȭfootȱlongȱbyȱ12.5ȱfeetȱwideȱ‘flagȱpole’ȱlotȱ
componentȱ alongȱ theȱ drivewayȱ andȱ toȱ theȱ centerlineȱ ofȱ theȱ street.ȱ Theȱ southern,ȱ
downslopeȱpropertyȱlineȱofȱtheȱparcelȱisȱalongȱtheȱMeanȱHighȱTideȱLine,ȱapproximatelyȱ
32ȱ feetȱ seawardȱ ofȱ theȱ toeȱ (lowerȱ breakȱ inȱ slope)ȱ ofȱ theȱ coastalȱ bluff.ȱ ȱ Theȱ parcelȱ isȱ
boundedȱtoȱtheȱeastȱandȱwestȱbyȱsingleȬfamilyȱresidencesȱonȱvariouslyȱsizedȱparcels,ȱtoȱ
theȱsouthȱbyȱtheȱPacificȱOceanȱ(SantaȱBarbaraȱChannel),ȱandȱtoȱtheȱnorthȱbyȱElȱCaminoȱ
Deȱ Laȱ Luz.ȱ Theȱ physicalȱ parametersȱ thatȱ influenceȱ theȱ parcelȱ includeȱ topographyȱ
(terrain),ȱ theȱgeologicȱsetting,ȱseismicity,ȱcoastalȱprocesses,ȱandȱsurfaceȱandȱsubsurfaceȱ
hydrology.ȱ ȱ Inȱ theȱ followingȱ reportȱ sections,ȱweȱpresentȱdescriptionsȱofȱ eachȱofȱ theseȱ
parameters,ȱ includingȱ discussionsȱ ofȱ theȱ influenceȱ thatȱ eachȱ parameterȱ hasȱ onȱ theȱ
subjectȱarea.ȱȱȱSkellyȱ(2012)ȱdescribesȱtheȱcoastalȱprocessesȱthatȱimpactȱtheȱparcel.ȱ

ȱ

2.1ȱ Topographyȱȱ
ȱ

ȱ 2.1.1ȱ Terrainȱ ȬȱTheȱ terrainȱatȱ theȱparcel,ȱatȱpresentȱ (2012),ȱconsistsȱofȱaȱgentlyȱ
inclinedȱtoȱmoderatelyȱsteepȱ(5Ȭȱtoȱ25Ȭdegreeȱinclination),ȱsouthȬfacing,ȱhillside,ȱdistinctȱ
coastalȱ bluff,ȱ andȱ rearȱ cobbleȬsandȱ beachȱ onȱ aȱ gentlyȱ inclinedȱwaveȬcutȱ terraceȱ thatȱ
extendsȱseawardȱfromȱtheȱtoeȱofȱtheȱcoastalȱbluff.ȱȱElevationsȱonȱtheȱparcelȱrangeȱfromȱel.ȱ
4.63ȱfeetȱalongȱtheȱseawardȱMeanȱHighȱTideȱLineȱpropertyȱlineȱofȱtheȱparcel,ȱtoȱelevationȱ
140ȱfeetȱatȱElȱCaminoȱDeȱLaȱLuz.ȱȱTheȱproposedȱbaseȱfloorȱelevationȱofȱtheȱresidenceȱisȱtoȱ
beȱ approximatelyȱ elevationȱ 90ȱ feetȱ (plusȱorȱminusȱ 5ȱ feet).ȱ ȱTheȱdistinctȱ topȱofȱ coastalȱ
bluffȱ isȱ locatedȱnearȱ elevationȱ 48ȱ toȱ 50ȱ feet,ȱ approximatelyȱ 150ȱ toȱ 180ȱ feetȱdownslopeȱ
fromȱ theȱ southernȱ limitȱ ofȱ theȱ proposedȱ buildingȱ envelope.ȱ ȱ Theȱ coastalȱ bluffȱ isȱ
characterizedȱbyȱaȱprecipitouslyȱsteepȱslopeȱ(50Ȭȱtoȱ75Ȭdegreeȱinclinations)ȱthatȱextends,ȱ
withȱ localizedȱvariations,ȱdownȱtoȱtheȱbeachȱnearȱelevationȱ10ȱfeet,ȱwhereȱaȱprominentȱ
breakȱinȱslopeȱisȱdefinedȱbyȱaȱpersistentȱcobble/boulderȱlayerȱonȱtheȱbackȱbeach.ȱȱAtȱtheȱ
toeȱofȱcoastalȱbluffȱimmediatelyȱaboveȱtheȱcobbles,ȱmarineȱerosionȱhasȱdevelopedȱaȱlowȱ
heightȱandȱnarrowȱhorizontalȱ featureȱalongȱ theȱeasterlyȱhalfȱofȱ theȱparcelȱandȱaȱsmallȱ
caveȱhasȱdevelopedȱalongȱaȱnearȬverticalȱfractureȱzoneȱnearȱaȱMontereyȱshaleȱoutcropȱonȱ
theȱadjacentȱ1927ȱElȱCaminoȱDeȱLaȱLuzȱparcel.ȱȱApproximatelyȱ25ȱfeetȱtoȱtheȱeastȱofȱtheȱ
1925ȱȱElȱCaminoȱDeȱLaȱLuzȱparcel,ȱaȱrelictȱdrainageȱswaleȱonȱ1921ȱElȱCaminoȱDeȱLaȱLuzȱ
cutsȱ throughȱ theȱ topȱofȱ theȱcoastalȱbluffȱandȱcontributesȱ toȱminorȱbluffȱ faceȱerosionȱ inȱ
theȱareaȱofȱaȱsmallȱpromontory.ȱȱȱ
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ȱ
ȱ 2.1.2ȱ TopȱofȱBluffȱȬȱTheȱsouthernȱendȱofȱtheȱhillsideȱonȱtheȱparcelȱcontainsȱaȱveryȱ
steepȱtoȱprecipitousȱ(50Ȭȱtoȱ75Ȭdegreeȱinclinations)ȱcoastalȱbluff.ȱȱTheȱcoastalȱbluffȱface,ȱwithȱ
localizedȱrilling,ȱextendsȱdownslopeȱtoȱwhereȱtheȱtoeȱofȱtheȱbluffȱfaceȱintersectsȱtheȱbeachȱatȱ
approximatelyȱelevationȱ10ȱfeet.ȱ ȱTheȱheightȱofȱtheȱcoastalȱbluffȱfromȱtheȱwellȬdefinedȱtopȱ
toȱtheȱtoeȱisȱ38ȱtoȱ40ȱfeet,ȱandȱapproximatesȱtheȱpreȬ1978ȱlandslideȱgradeȱtowardȱtheȱrelictȱ
drainageȱswaleȱonȱadjacentȱ1921ȱElȱCaminoȱDeȱLaȱLuzȱparcel.ȱȱTheȱintersectionȱofȱtheȱtopȱofȱ
theȱprecipitousȱ coastalȱbluffȱ faceȱwithȱ theȱ relativelyȱmoreȱ gentlyȱ inclinedȱhillsideȱ toȱ theȱ
northȱisȱaȱhighlyȱconspicuous,ȱwellȬdefinedȱ“topȱofȱbluff”ȱpointȱonȱtheȱtopographicȱprofileȱ
(seeȱFigureȱ2).ȱȱTheȱparcelȱcontainsȱnoȱelevatedȱmarineȱterraceȱorȱ“upperȱriser”ȱcoastalȱbluffȱ
feature.ȱȱAȱrepresentativeȱtopographicȱprofileȱisȱillustratedȱonȱFigureȱ2ȱthroughȱtheȱcentralȱ
portionȱofȱtheȱparcel.ȱȱThisȱprofileȱwasȱgeneratedȱfromȱourȱdetailedȱtopographicȱsurveyingȱ
inȱ2010.ȱ ȱRecentȱ (2012)ȱsiteȱreconnaissanceȱ indicatesȱ thatȱ theȱsiteȱ topographyȱ (terrain)ȱhasȱ
notȱexperiencedȱsignificantȱchangesȱbetweenȱtheȱtimeȱofȱourȱsurveyȱandȱtheȱpresent.ȱȱȱ
ȱ
Ourȱevaluationȱofȱ theȱsiteȱ topographyȱ revealsȱ thatȱ thisȱprominentȱcoastalȱbluffȱ isȱ locatedȱ
nearȱtheȱsouthernȱedgeȱofȱtheȱsubjectȱproperty.ȱ ȱThisȱcoastalȱbluffȱisȱcharacterizedȱby:ȱ1)ȱaȱ
prominentȱ toeȱofȱslopeȱatȱ theȱbackȱbeach;ȱ2)ȱaȱprecipitousȱbluffȱ face,ȱ theȱ lowerȱportionȱofȱ
whichȱisȱsubjectȱtoȱepisodicȱ(limitedȱperiod)ȱwaveȱrunȬupȱduringȱhighȱsurf;ȱandȱ3)ȱaȱdistinctȱ
topȱ ofȱ theȱ coastalȱ bluffȱ definedȱ byȱ aȱ prominentȱ inflectionȱ inȱ theȱ bluffȱ faceȱwhereȱ theȱ
precipitousȱbluffȱ faceȱ abruptlyȱ transitionsȱ toȱ aȱmoreȱgentlyȱ inclinedȱ toȱmoderatelyȱ steepȱ
bluffȱtopȱhillside.ȱThisȱtopȱofȱcoastalȱbluffȱ locationȱ isȱconsistentȱwithȱtheȱmethodologyȱforȱ
identifyingȱ (determining)ȱ theȱ topȱ ofȱ coastalȱ bluffȱ asȱ setȱ forthȱ inȱ Coastalȱ Commissionȇsȱ
adoptedȱregulationȱthatȱdefinesȱthisȱtermȱofȱartȱ(14ȱCal.ȱCodeȱofȱRegs.,ȱsec.ȱ13577),ȱCoastalȱ
Commissionȇsȱ ȈGeologicȱ Stabilityȱ ofȱ Blufftopȱ DevelopmentȈȱ Guideline,ȱ andȱ Coastalȱ
CommissionȱstaffȱgeologistȱMarkȱJohnssonȇsȱpaperȱonȱȈEstablishingȱDevelopmentȱSetbacksȱ
fromȱCoastalȱBluffsȈȱȱ(2002).ȱȱJohnssonȱdefinesȱtheȱtopȱofȱcoastalȱbluffȱas:ȱ
 
ȱ “Theȱbluffȱedgeȱisȱsimplyȱtheȱlineȱofȱintersectionȱbetweenȱtheȱsteeplyȱslopingȱ
bluffȱfaceȱandȱtheȱflatȱorȱmoreȱgentlyȱslopingȱbluffȱtop.”ȱȱȱ

ȱ

Theȱ parcel,ȱ asȱ illustratedȱ byȱ theȱ topographicȱ profileȱ ofȱ Figureȱ 2,ȱ clearlyȱ hasȱ aȱwellȬ
definedȱtopȱofȱcoastalȱbluffȱapproximatelyȱ288ȱfeetȱsouthȱofȱtheȱeastȬwestȱpropertyȱ lineȱ
withȱtheȱadjacentȱ1927ȱElȱCaminoȱDeȱLaȱLuzȱparcel.ȱȱThisȱtopȱofȱcoastalȱbluffȱ(includingȱ
theȱfactȱthatȱitȱwasȱloweredȱbyȱgradingȱinȱ1984)ȱisȱconsistentȱinȱitsȱtrendȱacrossȱtheȱparcelȱ
andȱadjacentȱparcels,ȱandȱhasȱbeenȱinȱthisȱapproximateȱpositionȱandȱinȱthisȱformȱdatingȱ
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backȱ toȱ theȱ earliestȱ availableȱ aerialȱ photographsȱ takenȱ inȱ 1928.ȱ ȱ Theȱ 1978ȱ landslideȱ
pushedȱ thisȱ topȱofȱ coastalȱbluffȱ seawardȱapproximatelyȱ80ȱ feet,ȱbutȱ theȱ topȱofȱ coastalȱ
bluffȱwasȱ restoredȱ toȱ nearȱ itsȱ originalȱ positionȱwithinȱ severalȱ yearsȱ ofȱ theȱ landslideȱ
occurrence.ȱ ȱ Scepanȱ (September,ȱ 2012)ȱ indicatesȱ thatȱ theȱ topȱ ofȱ coastalȱ bluffȱ remainsȱ
approximatelyȱ 10ȱ toȱ 33ȱ seawardȱ ofȱ itsȱ 1950ȱ position.ȱ ȱ Theȱ proposedȱ locationȱ ofȱ theȱ
residentialȱstructureȱmustȱdemonstrateȱthatȱitȱisȱinlandȱofȱtheȱ75Ȭyearȱanticipatedȱretreatȱ
rateȱ setbackȱ lineȱ fromȱ theȱ topȱ ofȱ theȱ coastalȱ bluff,ȱ andȱmaintainȱ suitableȱ staticȱ andȱ
pseudostaticȱ (F.S.=1.5ȱandȱ1.1,ȱrespectively)ȱ factorsȱofȱsafety.ȱ ȱ Itȱ isȱourȱopinionȱ thatȱ theȱ
proposedȱbuildingȱenvelopeȱisȱwellȱinlandȱofȱtheȱ75Ȭyearȱanticipatedȱretreatȱrateȱsetbackȱ
lineȱ fromȱ theȱ wellȬdefinedȱ topȱ ofȱ bluff,ȱ andȱ theȱ proposedȱ buildingȱ siteȱ wouldȱ beȱ
foundedȱinȱ(on)ȱgroundȱthatȱhasȱnotȱexperiencedȱpriorȱlandslideȱmovements,ȱandȱshouldȱ
maintainȱ aȱ suitableȱ factorȱ ofȱ safetyȱ providedȱ thatȱ theȱ foundationȱ designȱ
recommendationsȱofȱthisȱreportȱareȱincorporatedȱintoȱtheȱproject.ȱ

ȱ
ȱ 2.1.3ȱ BluffȱRetreatȱ –ȱTheȱ orientationȱ andȱ locationȱ ofȱ theȱ coastalȱ bluffȱ inȱ theȱ
Mesaȱ subareaȱ ofȱ theȱ Santaȱ Barbaraȱ coastlineȱ thatȱ includesȱ theȱ subjectȱ parcelȱ hasȱ
demonstratedȱlongȬtermȱpersistenceȱduringȱtheȱpastȱ60ȱtoȱ80+ȱyearsȱȱ(Scepan,ȱ2012;ȱGSI,ȱ
2012).ȱȱȱPreviousȱstudiesȱandȱadoptedȱreportsȱhaveȱidentifiedȱaȱgeneralȱshorelineȱretreatȱ
rateȱ (annualizedȱ averageȱ retreat)ȱ ofȱ 7.7ȱ inches/yearȱ (Norris,ȱ 1968,ȱ reflectedȱ asȱ 8ȱ
inches/yearȱ inȱ theȱCityȱofȱSantaȱBarbaraȱLCPȱ landȱuseȱplanȱ [1978,ȱ2004]),ȱandȱupȱ toȱ10ȱ
inches/yearȱ(CityȱofȱSantaȱBarbaraȱGeneralȱPlanȱSeismicȱSafetyȱElementȱ1979).ȱ ȱ ȱFischerȱ
(2001)ȱandȱCampbellȱ(2007)ȱhaveȱidentifiedȱcoastalȱbluffȱretreatȱratesȱofȱapproximatelyȱ4ȱ
inches/yearȱatȱaȱsiteȱsomeȱ500ȱfeetȱtoȱtheȱeastȱofȱtheȱsubjectȱparcel,ȱandȱonȱtheȱadjacentȱ
parcelȱtoȱtheȱwest.ȱȱTheȱCity’sȱrecentlyȱadoptedȱGeneralȱPlanȱ(2011)ȱpositsȱaȱgeneralizedȱ
coastalȱ bluffȱ retreatȱ rateȱ ofȱ 12ȱ inches/year.ȱ ȱ However,ȱ theȱ siteȬspecificȱ studyȱ ofȱ theȱ
locationȱofȱtheȱcoastalȱbluffȱtopȱ(edge)ȱindicatesȱthatȱasȱaȱresultȱofȱtheȱseawardȱdistentionȱ
ofȱ theȱ landformȱassociatedȱwithȱ theȱanthropogenicallyȱactivatedȱ1978ȱElȱCaminoȱdeȱ laȱ
Luzȱlandslide,ȱtheȱtopȱofȱcoastalȱbluffȱatȱ1925ȱElȱCaminoȱdeȱlaȱLuzȱwasȱlocatedȱ10ȱtoȱoverȱ
33ȱfeetȱfurtherȱsouthȱasȱofȱ2010ȱthanȱitȱwasȱinȱ1950ȱ(Scepan,ȱ2012).ȱȱȱ
ȱ
Theȱlocationȱofȱtheȱtopȱofȱcoastalȱbluffȱonȱtheȱsubjectȱparcelȱhasȱnotȱmeasurableȱchangedȱ
duringȱtheȱpastȱtwoȱyears.ȱȱConcurrently,ȱtheȱtoeȱofȱcoastalȱbluffȱhasȱretreatedȱatȱ1925ȱElȱ
CaminoȱdeȱlaȱLuzȱatȱaȱlongȬtermȱannualizedȱaverageȱofȱ0.8ȱinches/yearȱtoȱ1.4ȱinches/yearȱ
atȱtheȱrespectiveȱeasterlyȱandȱwesterlyȱparcelȱboundariesȱ(Scepan,ȱ2012).ȱȱTheȱproposedȱ
residentialȱreuseȱdevelopmentȱenvelopeȱonȱtheȱsubjectȱparcelȱisȱsetȱbackȱaȱminimumȱofȱ
171.9ȱfeetȱfromȱtheȱtopȱofȱtheȱcoastalȱbluffȱ(GSI,ȱ2012),ȱlandwardȱofȱbothȱtheȱCity’sȱmostȱ
recentlyȱadoptedȱregulatoryȱcoastalȱbluffȱsetbackȱ lineȱ (includingȱCoastalȱCommission’sȱ
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additionalȱ10Ȭfootȱ setback)ȱandȱ68ȱ toȱ73ȱ feetȱ fromȱ theȱ coastalȱbluffȱ inȱ2087,ȱunderȱ theȱ
City’sȱ presentlyȱ pendingȱ tieredȱ (accelerating)ȱ coastalȱ bluffȱ retreatȱ rateȱ inȱ theȱClimateȱ
ActionȱPlan.5ȱ ȱTheȱproposedȱprojectȱ thereforeȱmeetsȱandȱexceedsȱallȱapplicableȱcoastalȱ
bluffȱretreatȱsetbackȱstandardsȱofȱtheȱCityȱofȱSantaȱBarbara.6ȱ
ȱ
2.2ȱ GeologicȱSettingȱ
ȱ
Theȱparcelȱatȱ1925ȱElȱCaminoȱDeȱLaȱLuzȱisȱlocatedȱalongȱtheȱsouthernȱflankȱofȱtheȱSantaȱ
Ynezȱ Mountainȱ Rangeȱ inȱ theȱ centralȱ portionȱ ofȱ theȱ westernȱ Transverseȱ Rangesȱ ofȱ
California.ȱ ȱ Theȱwesternȱ Transverseȱ Rangesȱ extendȱ forȱ approximatelyȱ 75ȱmilesȱ fromȱ
PointȱArguelloȱ toȱVenturaȱCounty,ȱ andȱ areȱ generallyȱ characterizedȱ byȱ tightlyȱ folded,ȱ
Mesozoicȱ andȱ Cenozoicȱ marineȱ andȱ nonȬmarineȱ sedimentaryȱ strata.ȱ ȱ Regionalȱ
compressiveȱstressȱwithinȱtheȱlateȱTertiaryȱinȱaȱnorthȬsouthȱorientationȱhasȱresultedȱinȱaȱ
prominentȱmountainȱ buildingȱ event,ȱ producingȱ theȱ characteristicȱ eastȬwestȱ structuralȱ
grainȱ ofȱ theȱ Transverseȱ Ranges.ȱ ȱ Theȱ southernȱ flankȱ ofȱ theȱ Santaȱ YnezȱMountainsȱ
containsȱearlyȱtoȱmidȬTertiaryȱsedimentaryȱstrata,ȱtightlyȱfoldedȱandȱextensivelyȱfaultedȱ
alongȱaȱnearlyȱeastȬwestȱtrendȱ(seeȱFigureȱ3,ȱRegionalȱGeologicȱMap,ȱbyȱMinor,ȱ2003).ȱȱȱ
ȱ
Mappedȱ activeȱ andȱpotentiallyȱ activeȱ faultsȱ areȱmostlyȱhighȬangleȱ reverseȱ faults,ȱ andȱ
historicȱseismicityȱ isȱcharacterizedȱprimarilyȱbyȱreverseȱfaultȱfocalȱmechanisms.ȱ ȱRapidȱ
upliftȱ ofȱ theȱ rangeȱ fromȱ theȱ Plioceneȱ toȱ recentȱ time,ȱwhichȱ rangesȱ fromȱ 1mm/yrȱ toȱ
2mm/yrȱ(Keller,ȱ2000),ȱhasȱresultedȱinȱrapidȱdowncutting,ȱdeeplyȱincisedȱdrainages,ȱandȱ
abundantȱmassȱwasting.ȱ ȱ Largeȱ fanglomerateȱ depositsȱ areȱ locatedȱ atȱ theȱ baseȱ ofȱ theȱ
rangeȱ andȱ areȱ locallyȱ blanketedȱ byȱ upliftedȱ marineȱ terraceȱ depositsȱ andȱ alluvium.ȱȱ
LandslideȱdepositsȱareȱcommonȱalongȱtheȱsouthernȱflankȱofȱtheȱSantaȱYnezȱMountains,ȱ
withȱtheȱfineȬgrainedȱTertiaryȱdepositsȱparticularlyȱsusceptibleȱtoȱlandsliding.ȱ
ȱ
Theȱ subjectȱ siteȱ isȱ locatedȱ inȱ theȱMesaȱ areaȱ ofȱ theȱ Cityȱ ofȱ Santaȱ Barbara,ȱ whichȱ isȱ
characterizedȱasȱaȱPleistoceneȱupliftedȱmarineȱ terraceȱseawardȱofȱ theȱsouthernȱ flankȱofȱ
                                                      
5ȱȱTheȱCity’sȱpendingȱdraftȱClimateȱActionȱPlanȱ(June,ȱ2012)ȱproposesȱanȱannualizedȱaverageȱcoastalȱbluffȱ
retreatȱrateȱofȱ12ȱinches/yearȱthroughȱtheȱyearȱ2050ȱandȱaȱrateȱofȱ24ȱinches/yearȱforȱ2051Ȭ2100.ȱȱCSAȱwillȱconfirmȱ
theȱlocationȱofȱtheȱcoastalȱbluffȱbyȱaȱsupplementalȱsiteȬspecificȱsurveyȱpriorȱtoȱsubmittalȱofȱtheȱresidentialȱreuseȱ
projectȱpermitȱapplicationȱtoȱtheȱCity.ȱ
 
6ȱȱAtȱ75Ȭ100ȱyears,ȱwithȱanȱadditionalȱ10ȬftȱwideȱbandȱasȱappliedȱbyȱtheȱCaliforniaȱCoastalȱCommissionȱwithinȱ
itsȱ jurisdiction,ȱ theȱsetbackȱdimensionsȱareȱ85ȱ toȱ110ȱ feetȱ fromȱ theȱ topȱofȱtheȱ2010ȱcoastalȱbluff.ȱ ȱAlthoughȱnoȱ
measurableȱtopȱofȱcoastalȱbluffȱerosionȱhasȱbeenȱidentifiedȱonȱthisȱparcelȱsinceȱCSA’sȱ2010ȱtopographicȱsurvey,ȱ
CSAȱ canȱ confirmȱ theȱ locationȱ ofȱ theȱ topȱ ofȱ coastalȱ bluffȱ byȱ aȱ supplementalȱ areaȬspecificȱ surveyȱ priorȱ toȱ
finalizationȱofȱtheȱresidentialȱreȬuseȱprojectȱpermitȱapplicationȱpackageȱtoȱtheȱCity. 





 
 

theȱSantaȱYnezȱRange.ȱ ȱTheȱparcelȱ isȱ locatedȱatȱapproximateȱLatitudeȱ34°ȱ23’ȱ47’’ȱandȱ
Longitudeȱ119°ȱ43’ȱ30’’,ȱapproximatelyȱ780ȱ feetȱwestȱofȱ theȱSantaȱBarbaraȱLighthouse.ȱȱ
TheȱsiteȱisȱunderlainȱbyȱTertiaryȱmarineȱsedimentaryȱbedrockȱmaterialsȱofȱtheȱMontereyȱ
Formation.ȱȱThisȱrockȱformationȱisȱorientedȱnearlyȱeastȬwest,ȱandȱisȱdippingȱmoderatelyȱ
(20Ȭȱ toȱ 35Ȭdegrees)ȱ toȱ theȱ south/southwest.ȱ ȱ TheȱMontereyȱ Formationȱ inȱ theȱ generalȱ
vicinityȱisȱtypicallyȱcharacterizedȱbyȱwellȬbedded,ȱthinȬbeddedȱsiliceousȱandȱcalcareousȱ
shaleȱwithȱ isolatedȱdolomiticȱ concretionaryȱbeds,ȱ andȱ thinȱvolcanicȱ interbedsȱ thatȱ areȱ
commonlyȱalteredȱ toȱbentonite.ȱResidualȱandȱcolluvialȱ soilȱmaterialsȱderivedȱ fromȱ theȱ
MontereyȱFormationȱcanȱbeȱproneȱtoȱexpansivityȱandȱsoilȱcreep.ȱ ȱNoȱelevatedȱscarpȱorȱ
‘upperȱriser’ȱofȱaȱsecondȱmarineȱterraceȱoccursȱonȱtheȱsubjectȱparcel.ȱ
ȱ ȱ ȱ ȱ ȱ ȱ
2.3ȱ SeismicȱSettingȱ
ȱ
Theȱ SantaȱBarbaraȱ coastalȱplainȱ andȱ theȱ SantaȱYnezȱMountainsȱ areȱ locatedȱ inȱ aȱ veryȱ
seismicallyȱ activeȱ area.ȱ ȱ Historically,ȱ thisȱ areaȱ hasȱ beenȱ subjectedȱ toȱ strongȱ seismicȱ
groundȱshakingȱfromȱmajorȱearthquakes,ȱandȱwillȱcontinueȱtoȱexperienceȱstrongȱgroundȱ
shakingȱ inȱ theȱ future.ȱ ȱ Theȱ projectȱ siteȱ isȱ locatedȱ nearȱ severalȱ potentiallyȱ activeȱ andȱ
activeȱfaults,ȱsomeȱofȱwhichȱhaveȱrupturedȱinȱhistoricȱtimes.ȱȱTheȱfaultsȱinȱtheȱregionȱareȱ
mostlyȱreverseȱslipȱfaults,ȱandȱareȱcapableȱofȱgeneratingȱstrongȱseismicȱgroundȱshaking.ȱȱ
SomeȱofȱtheseȱfaultsȱincludeȱtheȱMissionȱRidgeȬArroyoȱParidaȱfault,ȱtheȱSantaȱYnezȱfault,ȱ
theȱoffshoreȱNorthȱChannelȱSlopeȱfault,ȱandȱtheȱRedȱMountainȱfault.ȱȱTheȱLavigiaȱfaultȱisȱ
theȱclosestȱ(1.0ȱmile)ȱmappedȱfaultȱtoȱtheȱsiteȱ(seeȱFigureȱ4,ȱRegionalȱFaultȱMap,ȱKeller,ȱ
2000);ȱhowever,ȱdueȱtoȱtheȱlackȱofȱHoloceneȱactivityȱandȱrelativelyȱshortȱfaultȱlengthȱ(15ȱ
km),ȱthisȱfaultȱisȱnotȱtheȱdesignȱfaultȱforȱthisȱsite.ȱȱTheȱactiveȱSanȱAndreasȱfaultȱzoneȱisȱ
locatedȱapproximatelyȱ41ȱmilesȱ toȱ theȱeastȱofȱ theȱsite,ȱandȱwhileȱ itȱrepresentsȱ theȱ faultȱ
withȱtheȱhighestȱactivityȱlevelȱandȱpotentialȱforȱlargeȱearthquakes,ȱitsȱdistanceȱprecludesȱ
itȱfromȱbeingȱaȱsignificantȱseismicȱconstraintȱtoȱtheȱsite.ȱȱȱ

ȱ

Theȱsiteȱhasȱexperiencedȱstrongȱgroundȱshakingȱ fromȱseveralȱ largeȱearthquakesȱ inȱ theȱ
historicȱpast.ȱ ȱMostȱnotably,ȱ theȱoffshoreȱSantaȱBarbaraȱChannelȱ faultsȱhaveȱ rupturedȱ
severalȱtimesȱinȱtheȱhistoricȱpast,ȱincludingȱaȱM7.0ȱinȱ1812,ȱM6.25ȱinȱ1883,ȱM6.3ȱinȱ1925,ȱ
M5.9ȱ inȱ 1941,ȱ andȱM5.1ȱ inȱ 1978.ȱ ȱTheȱ SantaȱBarbaraȱ earthquakeȱ ofȱ 1925ȱdamagedȱ orȱ
destroyedȱ numerousȱ buildingsȱ inȱ theȱ City’sȱ commercialȱ districtȱ andȱ resultedȱ inȱ 13ȱ
deaths.ȱ ȱLargeȱearthquakesȱonȱtheȱSanȱAndreasȱfaultȱhaveȱalsoȱbeenȱexperiencedȱinȱtheȱ
area,ȱ includingȱ theȱ 1812,ȱ 1857,ȱ andȱ 1906ȱmultiȬsegmentȱmajorȱ earthquakes,ȱ andȱ theȱ
Parkfieldȱearthquakesȱofȱ1934,ȱ1952,ȱandȱ1966.ȱ
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ȱȱ
ȱ 2.3.1ȱ DeterministicȱSeismicȱAnalysisȱ –ȱTheȱ siteȱ couldȱ beȱ affectedȱ byȱ strongȱ
seismicȱgroundȱ shakingȱdueȱ toȱanȱearthquakeȱ fromȱoneȱofȱ severalȱactiveȱ faultsȱ inȱ theȱ
region.ȱȱTheȱMissionȱRidgeȬArroyoȱParidaȱfaultȱisȱtheȱactiveȱfaultȱthatȱposesȱtheȱgreatestȱ
potentialȱthreatȱtoȱtheȱsiteȱfromȱaȱseismicȱshakingȱstandpoint,ȱandȱaȱmaximumȱprobableȱ
earthquakeȱonȱthisȱfaultȱshouldȱserveȱasȱtheȱȈdesignȱeventȈ.ȱȱȱTheȱfaultsȱtabulatedȱbelowȱ
couldȱproduceȱstrongȱseismicȱshakingȱandȱareȱallȱconsideredȱtoȱbeȱactiveȱorȱpotentiallyȱ
active.ȱ ȱTheȱ followingȱ tableȱprovidesȱ theȱ resultsȱofȱourȱdeterministicȱanalysisȱandȱ listsȱ
theȱmajorȱearthquakeȱsources,ȱdistanceȱ fromȱ theȱsourceȱ toȱ theȱsite,ȱmaximumȱmomentȱ
magnitudesȱandȱpeakȱhorizontalȱgroundȱaccelerationsȱanticipatedȱatȱtheȱsite:ȱ
ȱ

TABLEȱ1ȱ–ȱDETERMINISTICȱSEISMICȱANALYSISȱ

ȱ
Faultȱ Momentȱ PeakȱHorizontalȱȱ

Sourceȱ Distanceȱ(mi.)ȱ ȱ Magnitude1ȱ Accelerationsȱ(g)2ȱ ȱ
ȱ
MissionȱRidge/ȱ 4.8ȱ ȱ 7.2ȱ ȱ ȱ 0.51ȱ ȱ ȱ
ȱȱȱArroyoȱParidaȱ
ȱ
NorthȱChannelȱ ȱ 5.7ȱ ȱ 7.4ȱ ȱ ȱ ȱ ȱ 0.51ȱ
ȱȱȱSlopeȱ ȱ ȱ ȱ
ȱ
RedȱMountainȱ ȱ 4.7ȱ ȱ 7.0ȱ ȱ ȱ ȱ ȱ 0.50ȱ ȱ
ȱ
OakȱRidgeȬMidȱ 8.1ȱ ȱ 6.6ȱ ȱ ȱ ȱ ȱ 0.34ȱ ȱ
ȱȱȱChannelȱ
ȱ
SantaȱYnezȱ(E)ȱ 8.6ȱ ȱ 7.1ȱ ȱ ȱ 0.30ȱ ȱ ȱ
ȱ
SantaȱYnezȱ(W)ȱ 8.8ȱ ȱ 7.1ȱ ȱ ȱ 0.30ȱ
ȱ
SanȱAndreasȱ 41.4ȱ ȱ 7.8ȱ ȱ ȱ 0.10ȱ
ȱȱȱ(1857)ȱ
ȱ
1Basedȱonȱ“ProbabilisticȱSeismicȱHazardȱAssessmentȱforȱtheȱStateȱofȱCalifornia”ȱbyȱCDMG,ȱDMGȱ
OpenȱFileȱReportȱ96Ȭ08.ȱ
2Basedȱ onȱ attenuationȱ relationshipsȱ developedȱ byȱ Sadigh,ȱ etȱ al.,ȱ 1997ȱ (Horiz.ȱ Ȭȱ Rock)ȱ asȱ
determinedȱusingȱtheȱcomputerȱprogramȱEQFAULTȱbyȱBlake,ȱ1989,ȱupdatedȱ1997.ȱ
ȱ
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ȱ
Usingȱ theȱmaximumȱ probableȱ earthquakeȱ (whichȱ isȱ consideredȱ toȱ beȱ theȱmaximumȱ
earthquakeȱexpectedȱtoȱoccurȱinȱaȱ100Ȭyearȱperiod)ȱandȱaȱdeterministicȱapproachȱbasedȱ
onȱ anȱ attenuationȱ relationshipȱ developedȱ byȱ Sadigh,ȱ etȱ al.ȱ (1997),ȱ theȱ subjectȱ siteȱ isȱ
expectedȱtoȱexperienceȱaȱmeanȱpeakȱhorizontalȱgroundȱaccelerationȱofȱ0.51g.ȱȱBasedȱonȱaȱ
probabilisticȱanalysisȱwithȱanȱexceedanceȱprobabilityȱofȱ10%ȱinȱ50ȱyears,ȱaȱpeakȱgroundȱ
accelerationȱ ofȱ 0.44gȱ wasȱ determinedȱ (U.S.G.S.,ȱ 2011).
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3.0ȱ SITEȱCONDITIONS 
ȱ

Theȱsiteȱgeologicȱconditionsȱofȱtheȱsubjectȱparcelȱwereȱ investigatedȱbyȱourȱengineeringȱ
geologistsȱ inȱ orderȱ toȱ characterizeȱ theȱ surfaceȱ andȱ subsurfaceȱ materialsȱ soȱ thatȱ
appropriateȱ geotechnicalȱ designȱ recommendationsȱ couldȱ beȱ developed.ȱ ȱ Theȱ surfaceȱ
conditionsȱ wereȱ characterizedȱ usingȱ detailedȱ topographicȱ surveyingȱ andȱ profilingȱ
followedȱ byȱ detailedȱ engineeringȱ geologicȱ mapping,ȱ whichȱ isȱ portrayedȱ onȱ ourȱ
EngineeringȱGeologicȱMapȱ (seeȱPlateȱ1ȱandȱFigureȱ5,ȱreducedȱversionȱofȱPlateȱ1).ȱ ȱTheȱ
siteȱsubsurfaceȱconditionsȱwereȱinvestigatedȱusingȱsmallȬȱandȱlargeȬdiameterȱboreholes,ȱ
andȱ theseȱ conditionsȱ areȱ portrayedȱ onȱ ourȱ EngineeringȱGeologicȱCrossȱ SectionȱAȬA’ȱ
(Figureȱ6).ȱȱTheȱgroundwaterȱconditionsȱwereȱcharacterizedȱbyȱtheȱinstallationȱofȱmultiȬ
stagedȱ piezometersȱ inȱ eachȱ ofȱ theȱ threeȱ smallȬdiameterȱ boreholesȱ onȱ theȱ parcel.ȱȱ
Inclinometersȱwereȱalsoȱ installedȱwithinȱeachȱsmallȬdiameterȱboreholeȱonȱ theȱparcelȱ toȱ
verifyȱcurrentȱslopeȱstabilityȱandȱasȱaȱmeansȱofȱverifyingȱfutureȱslopeȱstability.ȱ

ȱ
3.1ȱ SurfaceȱConditionsȱ

ȱ
Theȱparcelȱsurfaceȱisȱdeveloped,ȱinȱparts,ȱwithȱtheȱdrivewayȱandȱadjacentȱsoutherlyȱhalfȱ
ofȱ Elȱ CaminoȱDeȱ Laȱ Luzȱ (ECDLL),ȱweedyȱ andȱ horticulturalȱ landscapingȱ eastȱ ofȱ theȱ
driveway,ȱaȱminorȱstormwaterȱdrainageȱvȬditchȱthatȱdischargesȱtoȱtheȱparcelȱatȱ1921ȱElȱ
CaminoȱDeȱLaȱLuz,ȱanȱolderȱwoodenȱ fenceȱ (withȱseasonalȱsandbagsȱ toȱdivertȱsubarealȱ
runoffȱtoȱtheȱvȬditch)ȱatȱtheȱbaseȱofȱtheȱdriveway,ȱaȱchainȱlinkȱmetalȱfenceȱthatȱextendsȱ
easterlyȱnearȱtheȱtopȱofȱtheȱ1978ȱlandslideȱheadscarp,ȱerosionȱcontrolȱshrubs,ȱtheȱCity’sȱ
1978ȱandȱ theȱ1984ȱDoolittle,ȱetȱal.ȱgradingȱenvelopes.ȱ ȱAȱvigorousȱcontiguousȱstandȱofȱ
lemonadeȱ berryȱ hasȱ colonizedȱ theȱ landslideȱ debris,ȱ colluvium,ȱ andȱ (1984)ȱ excavatedȱ
slopeȱonȱ theȱparcelȱbelowȱelevationȱ70ȱ toȱ80ȱ feetȱ fromȱaȱ smallȱnumberȱofȱ shrubsȱ thatȱ
wereȱrepositionedȱbyȱtheȱ1978ȱlandslideȱandȱsubsequentȱCityȱgrading.ȱȱSouthernȱcoastalȱ
bluffȱscrubȱsubstantiallyȱcoversȱtheȱdistinctȱcoastalȱbluffȱexceptȱatȱlowerȱelevationsȱthatȱ
experienceȱepisodicȱwaveȱsprayȱorȱwhereȱtheȱcolluviumȱandȱlandslideȱdebrisȱmantleȱhasȱ
beenȱeroded.ȱȱTheȱbackȱbeachȱareaȱofȱtheȱparcelȱconsistsȱofȱaȱpersistentȱcobbleȱfield,ȱwithȱ
seasonalȱ sandȱ lensesȱ andȱ episodicȱmarineȱ detritus.ȱ ȱ Inȱ theȱ biologicalȱ reconnaissanceȱ
reportȱofȱ1925ȱElȱCaminoȱDeȱLaȱLuzȱbyȱWRA,ȱ Inc.ȱ (2012),ȱ theȱ floraȱandȱ faunaȱonȱ theȱ
parcelȱareȱfurtherȱdescribedȱandȱanalyzed.ȱȱȱ
ȱ
Theȱ northernȱ “flagȱ pole”ȱ portionȱ ofȱ theȱ parcelȱ isȱ relativelyȱ levelȱ (lessȱ thanȱ 5Ȭdegreeȱ
inclinations)ȱandȱunderlainȱbyȱunconsolidatedȱalluvialȱterraceȱdepositsȱandȱartificialȱfill.ȱȱ
Theȱnorthernȱ“flag”ȱportionȱofȱtheȱ50Ȭfootȱwideȱareaȱofȱtheȱparcel,ȱlocatedȱ justȱsouthȱofȱ
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theȱ drivewayȱ andȱ theȱ siteȱ ofȱ theȱ proposedȱ residence,ȱ isȱ characterizedȱ byȱmoderatelyȱ
steepȱ (20Ȭȱ toȱ 25Ȭdegreeȱ inclination)ȱ hillsideȱ topography.ȱ ȱ Thisȱ areaȱ wasȱ gradedȱ forȱ
developmentȱ ofȱ theȱ originalȱ residenceȱ inȱ 1956,ȱ againȱ inȱ orȱ aboutȱAugustȬSeptember,ȱ
1978,ȱfollowingȱtheȱFebruaryȱ1978ȱlandslide,ȱandȱalongȱitsȱwesterlyȱmarginȱinȱ1984.ȱȱTheȱ
1978ȱ gradingȱ resultedȱ inȱ aȱ relativelyȱ uniformlyȱ slopingȱ surfaceȱ topographyȱ betweenȱ
elevationsȱ130ȱfeetȱandȱapproximatelyȱ80ȱfeet.ȱȱThisȱgradingȱresultedȱinȱaȱlooselyȱgradedȱ
mantleȱ ofȱ landslideȱ earthenȱ debrisȱ andȱ colluvium,ȱ withȱ numerousȱ voidsȱ andȱ relictȱ
structuralȱdebrisȱbetweenȱ elevationsȱ ~60ȱ feetȱ andȱ 80ȱ toȱ 90ȱ feet.ȱ ȱTheȱ 1984ȱgradingȱbyȱ
Doolittle,ȱetȱal.ȱresultedȱinȱaȱcutȱalongȱtheȱwesterlyȱmarginȱofȱtheȱparcel,ȱbetweenȱtheȱtopȱ
ofȱcoastalȱbluffȱandȱelevationȱ90ȱfeetȱbyȱapproximatelyȱ6ȱtoȱ10ȱfeetȱvertical.ȱ ȱColluviumȱ
andȱ landslideȱ debris,ȱ toȱ anȱ unknownȱ depth,ȱ underlayȱ theȱ presentȱ (2012)ȱ areaȱ ofȱ theȱ
robustȱ contiguousȱ lemonadeȱ berryȱ standȱ betweenȱ theȱ topȱ ofȱ theȱ coastalȱ bluffȱ andȱ
elevationsȱ80ȱ toȱ90ȱfeet.ȱ ȱWeatheredȱcolluviumȱandȱ fracturedȱorȱdisplacedȱandȱshearedȱ
MontereyȱFormationȱmaterialsȱareȱexposedȱalongȱmostȱofȱtheȱ40Ȭfootȱhighȱcoastalȱbluffȱ
face.ȱ ȱRilling,ȱvariouslyȱpartlyȱ coveredȱbyȱ vegetation,ȱ occursȱ onȱ theȱ coastalȱ bluffȱ faceȱ
fromȱnearȱ theȱ topȱ toȱnearȱ theȱ toeȱofȱ theȱcoastalȱbluff.ȱ ȱ ȱWhereȱvisible,ȱ theȱcoastalȱbluffȱ
faceȱdisplaysȱweatheredȱandȱfracturedȱMontereyȱFormationȱshaleȱthatȱisȱorientedȱnearlyȱ
eastȬwestȱwithȱoutȬofȬslopeȱdipsȱgenerallyȱrangingȱfromȱ10ȱtoȱ25ȱdegrees.ȱ
ȱ
ȱ 3.1.1.ȱ AerialȱPhotographȱAnalysisȱ ȬȱWeȱ analyzedȱmultipleȱ setsȱofȱ stereoȬpairȱ
aerialȱ photographsȱ toȱ evaluateȱ theȱ parcelȱ andȱ toȱ documentȱ topographicȱ changesȱ
betweenȱ1929ȱandȱ2005.ȱ ȱ ȱOurȱevaluationȱofȱ theȱ1929ȱaerialȱphotosȱ revealsȱ thatȱaȱpreȬ
existingȱlandslideȱwasȱlocatedȱinȱtheȱgeneralȱvicinityȱofȱtheȱ1978ȱlandslide.ȱThisȱlandslideȱ
containedȱdormantȱlandsideȱdebrisȱtoȱtheȱeastȱandȱwest,ȱbutȱintactȱgroundȱupslope.ȱ ȱInȱ
1929,ȱaȱprominentȱlinearȱdrainageȱchannelȱextendedȱfromȱfarmlandȱupslopeȱ(north),ȱeastȱ
ofȱpresentȱdayȱOliverȱRoadȱ toȱ theȱpreȬexistingȱ landslideȱareaȱandȱ likelyȱcontributedȱ toȱ
theȱslopeȱinstability.ȱȱTheȱprominentȱpersistentȱcoastalȱbluffȱisȱvisibleȱalongȱtheȱshorelineȱ
onȱ theȱsubjectȱparcel,ȱ immediatelyȱ toȱ theȱnorthȱandȱupslopeȱ fromȱ theȱbackȱbeach.ȱ ȱNoȱ
coastalȱbluffȱ“upperȱriser”ȱoccursȱonȱtheȱhistoricalȱaerialȱphotographyȱofȱtheȱareaȱofȱtheȱ
subjectȱparcel.ȱ
ȱ
ȱ
Weȱscannedȱ theȱ1950ȱaerialȱphotographȱandȱoverlayedȱ itȱontoȱ theȱ1962ȱphotographȱ inȱ
ArcMapȱformatȱtoȱdetermineȱtheȱlocationȱofȱtheȱpreȬexistingȱlandslideȱwithȱrespectȱtoȱtheȱ
existingȱresidentialȱstructures,ȱtoȱtheȱ1978ȱlandslide,ȱandȱtoȱtheȱlocationȱofȱtheȱproposedȱ
structure.ȱBasedȱuponȱthisȱgeoȬreferencingȱexercise,ȱitȱisȱapparentȱthatȱtheȱ1978ȱlandslideȱ
occurredȱ inȱvirtuallyȱ theȱsameȱ locationȱasȱ theȱpreȬexistingȱ landslideȱ limits,ȱparticularlyȱ
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inȱ theȱ headscarpȱ area.ȱ ȱ Theȱ easternȱ portionȱ ofȱ theȱ 1978ȱ landslideȱ appearedȱ toȱ haveȱ
incorporatedȱ theȱolderȱ landslideȱdebrisȱvisibleȱ inȱ theȱ1929ȱaerialȱphotographs.ȱNoȱpreȬ
existingȱlandslideȱdebrisȱisȱlocatedȱupslopeȱofȱtheȱproposedȱresidenceȱatȱ1925ȱECDLL.ȱ
ȱ
Theȱ 1938ȱ andȱ 1950ȱ aerialȱ photographsȱ revealȱ similarȱ featuresȱ asȱ theȱ 1929ȱ aerialȱ
photographs,ȱ andȱ alsoȱ showȱ activeȱ shallowȱ slumpsȱ andȱ slidesȱ alongȱ theȱ faceȱ ofȱ theȱ
coastalȱbluff.ȱ ȱTheȱ1962ȱaerialȱphotographsȱshowȱthatȱmostȱofȱtheȱresidentialȱstructuresȱ
alongȱElȱCaminoȱDeȱLaȱLuzȱareȱinȱplace,ȱincludingȱtheȱhouseȱonȱtheȱsubjectȱparcel.ȱȱItȱisȱ
apparentȱinȱ1962ȱstereoȬpairedȱphotographs,ȱthatȱtheȱhousesȱatȱ1925ȱandȱ1921ȱElȱCaminoȱ
Deȱ Laȱ Luzȱ wereȱ placedȱ atopȱ theȱ contactȱ betweenȱ intactȱ rockȱ andȱ theȱ preȬexistingȱ
landslideȱdebris.ȱȱPriorȱtoȱtheȱ1978ȱlandslide,ȱsubstantialȱartificialȱfillȱwasȱalsoȱplacedȱonȱ
1937ȱElȱCaminoȱDeȱLaȱLuzȱtoȱsupportȱaȱdriveway,ȱwhichȱextendedȱdownslopeȱatopȱtheȱ
preȬexistingȱlandslideȱdebris.ȱȱ
ȱ
Theȱ1978ȱobliqueȱaerialȱphotographsȱobtainedȱbyȱWeaverȱ(1978)ȱdepictȱaȱlarge,ȱrelativelyȱ
intactȱ landslideȱ blockȱ thatȱ hasȱ pushedȱ seawardȱ upȱ toȱ approximatelyȱ 80ȱ feet.ȱ Aȱ
prominentȱheadscarpȱcanȱbeȱseen,ȱexposingȱlightȱcoloredȱMontereyȱFormationȱbedrock.ȱȱ
Theȱsurfȱzoneȱhasȱbeenȱalteredȱbyȱtheȱintrusionȱofȱtheȱlandslideȱdebris,ȱandȱwaveȱactionȱ
isȱdeflectingȱ aroundȱ thisȱdebris.ȱ ȱ Inȱ theȱPacificȱMaterialsȱLab,ȱ Inc.ȱ (1978)ȱ report,ȱ theyȱ
mentionedȱ thatȱ theȱ surfȱzoneȱhadȱbeenȱupliftedȱ inȱ frontȱofȱ theȱcoastalȱbluff,ȱandȱ theirȱ
interpretationȱwasȱ thatȱ aȱdeepȱ rotationalȱ slideȱhadȱupliftedȱ theseȱmaterials.ȱ ȱ Itȱ isȱ ourȱ
interpretationȱ thatȱ theȱ landslideȱwasȱ translational,ȱandȱ theȱ landslideȱ toeȱwasȱnearȱ theȱ
baseȱofȱ theȱcoastalȱbluff,ȱandȱ thatȱ theȱ landslideȱ ‘bulldozed’ȱ theȱcobbleȱandȱbeachȱsandȱ
upward,ȱratherȱthanȱbyȱrotationalȱlifting.ȱȱByȱOctoberȱ1979,ȱtheȱmajorityȱofȱtheȱlandslideȱ
debrisȱprotrudingȱintoȱtheȱsurfȱzoneȱhadȱbeenȱeroded,ȱandȱtheȱgradingȱperformedȱinȱtheȱ
headscarpȱareaȱwasȱcomplete.ȱ ȱInȱaȱ1987ȱaerialȱoblique,ȱ theȱgradingȱperformedȱ inȱ1984ȱ
forȱ theȱ buttressȱ atȱ 1933ȱ ECDLLȱ isȱ clearlyȱ visible.ȱ ȱ Inȱ thisȱ photoȱ itȱ isȱ clearȱ thatȱ aȱ
substantialȱ cutȱwasȱperformedȱnearȱ theȱ topȱofȱ theȱ coastalȱbluffȱ andȱ thisȱmaterialȱwasȱ
placedȱ upȱ underȱ theȱ residenceȱ asȱ fill.ȱ ȱ Theȱ coastalȱ bluffȱ isȱ clearlyȱ visibleȱ inȱ thisȱ
photographȱasȱaȱprominent,ȱprecipitous,ȱdenudedȱslopeȱfaceȱwithȱaȱveryȱsharpȱbreakȱinȱ
slopeȱatȱtheȱtopȱofȱtheȱexposedȱbluffȱface.ȱȱȱ
ȱ
ȱ 3.1.2ȱ 1978ȱLandslideȱ –ȱOnȱFebruaryȱ 14,ȱ 1978,ȱ aȱ landslideȱoccurredȱ alongȱ theȱ
portionsȱofȱapproximatelyȱ8ȱparcels,ȱ includingȱatȱ1925ȱElȱCaminoȱDeȱLaȱLuzȱ (ECDLL).ȱȱ
Weȱ understandȱ thatȱ initialȱmovementȱwasȱ noticedȱ asȱ earlyȱ asȱ Februaryȱ 11,ȱ 1978ȱ asȱ
tensionȱ cracksȱ inȱ theȱ headscarpȱ region.ȱ ȱ Asȱ aȱ resultȱ ofȱ theȱ catastrophicȱ landslideȱ
movementsȱthatȱoccurredȱlateȱinȱtheȱeveningȱofȱFebruary,ȱ14,ȱ1978,ȱtheȱresidenceȱatȱthisȱ
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addressȱwasȱdestroyed,ȱalongȱwithȱtheȱresidenceȱonȱtheȱadjoiningȱparcelȱatȱ1921ȱECDLL.ȱȱ
Theȱ residenceȱ atȱ 1925ȱ ECDLLȱ wasȱ constructedȱ ofȱ concreteȱ blocksȱ onȱ aȱ shallowȱ
foundationȱ thatȱ straddledȱ theȱ landslideȱ headscarp,ȱ whichȱ resultedȱ inȱ mostȱ ofȱ theȱ
concreteȱ blockȱ foundationȱ beingȱ translatedȱdownslope.ȱTheȱ residenceȱ atȱ 1933ȱECDLLȱ
wasȱnotȱdirectlyȱimpacted,ȱbutȱwasȱseverelyȱundermined,ȱasȱwereȱportionsȱofȱtheȱpatio.ȱȱ
AnȱobliqueȱlowȬaltitudeȱaerialȱphotographȱtakenȱbyȱorȱonȱbehalfȱofȱWeaverȱshortlyȱafterȱ
theȱ1978ȱElȱCaminoȱdeȱ laȱLuzȱ landslideȱ indicatesȱaȱprominentȱ lobeȱofȱ landslideȱdebrisȱ
thatȱextendsȱfromȱ1925Ȭ1927ȱECDLLȱthroughȱ1909Ȭ1903ȱECDLLȱinȱaȱsouthȬsoutheasterlyȱ
wedgeȱ ontoȱ theȱ beachȱ platform.ȱ ȱ Althoughȱ partsȱ ofȱ thatȱ wedgeȱ wereȱ subsequentlyȱ
erodedȱbyȱmarineȱprocesses,ȱandȱexcavatedȱinȱ1984ȱalongȱwesterlyȱ1925ȱECDLLȱbetweenȱ
el.ȱ 90ȱ feetȱ andȱ elevationȱ 50ȱ feetȱ asȱ partȱ ofȱ theȱDoolittleȱ gradingȱ toȱ buttressȱ theȱ 1978ȱ
landslideȱheadscarpȱatȱ2001Ȭ1933Ȭ1927ȱECDLL,ȱtheȱ1978ȱlandslideȱappearsȱtoȱhaveȱbeenȱ
triggeredȱ byȱ saturationȱ ofȱ theȱ oxidizedȱ Montereyȱ Formationȱ fromȱ upslopeȱ
anthropogenicȱ sourcesȱ duringȱ theȱ aboveȬaverageȱ 1977Ȭ1978ȱ rainȱ year,ȱ ratherȱ thanȱ byȱ
marineȱundercuttingȱofȱtheȱdistinctȱcoastalȱbluff.ȱȱȱ
ȱ
Inȱ orȱ aboutȱAugustȬSeptember,ȱ 1978,ȱ theȱCityȱ variouslyȱ removedȱ orȱ buriedȱ landslideȱ
structuralȱdebrisȱatȱ1925ȱECDLLȱ inȱ conjunctionȱwithȱgradingȱofȱ theȱMesaȱTrunkȱLineȱ
Sewerȱ earthenȱbuttress,ȱ toȱ elevationȱ 126ȱ feet,ȱandȱdemolishedȱ theȱ remainingȱ standingȱ
partȱofȱ theȱhouseȱatȱadjacentȱ1921ȱElȱCaminoȱdeȱ laȱLuz.ȱ ȱTheȱCity’sȱgradingȱextendedȱ
betweenȱelevationsȱ60ȱandȱ126ȱfeetȱatȱ1925ȱElȱCaminoȱdeȱlaȱLuzȱandȱwasȱaugmentedȱbyȱ
installationȱ ofȱ sandȱ bagȱwalls,ȱ drainageȱ flexȱ pipe,ȱ aȱ lowȱ bermȱ nearȱ theȱ headȱ ofȱ theȱ
driveway,ȱandȱvȬditchȱdrainageȱtoȱdirectȱstormwaterȱrunoffȱtoȱtheȱrelictȱdrainageȱswaleȱ
onȱtheȱcoastalȱbluffȱtopȱatȱ1921ȱElȱCaminoȱdeȱ laȱLuz.ȱ ȱInȱ1984,ȱgradingȱ(excavation)ȱbyȱ
Doolittleȱdirectedȱ stormwaterȱ runoffȱ fromȱ theȱwesterlyȱbandȱofȱ1925ȱElȱCaminoȱdeȱ laȱ
Luz,ȱbetweenȱelevationsȱ90ȱandȱ55ȱfeet,ȱtowardȱ1927ȱECDLL.ȱ
ȱ
Ourȱanalysisȱindicatesȱthatȱtheȱ1978ȱlandslideȱfailedȱalong,ȱorȱnear,ȱtheȱlimitsȱofȱtheȱpreȬ
existingȱ landslide.ȱ ȱ However,ȱ weȱ doȱ notȱ seeȱ evidenceȱ inȱ theȱ historicalȱ aerialȱ
photographs,ȱ orȱ fromȱ ourȱ geologicȱ mapping,ȱ forȱ olderȱ landslideȱ debrisȱ extendingȱ
upslopeȱofȱtheȱ1978ȱlandslideȱinȱtheȱdrivewayȱsegmentȱofȱ1925ȱECDLL,ȱtheȱstreet,ȱorȱlotsȱ
toȱ theȱ north.ȱ ȱ Basedȱ uponȱ geologicȱ relationshipsȱ identifiedȱ inȱ theȱ fieldȱ andȱ inȱ aerialȱ
photographs,ȱandȱourȱsubsurfaceȱexploration,ȱCSAȱinterpretsȱtheȱ1978ȱlandslideȱtoȱbeȱaȱ
translationalȱ rockȬblockȱ landslide.ȱ Theȱ currentȱ (2011)ȱ explorationȱ ofȱ thisȱ landslideȱ
revealsȱaȱbasalȱlandslideȱruptureȱsurfaceȱdepthȱofȱapproximatelyȱ0ȱtoȱ11ȱfeetȱwithinȱtheȱ
southernȱportionȱofȱ theȱproposedȱbuildingȱenvelopeȱofȱ1925ȱECDLL,ȱandȱaȱmaximumȱ
depthȱofȱ approximatelyȱ 40ȱ toȱ 50ȱ feetȱdownslopeȱnearȱ theȱ coastalȱbluffȱ ȱ (seeȱFigureȱ 6,ȱ
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Engineeringȱ Geologicȱ Crossȱ Sectionȱ AȬA’).ȱ ȱ Historicalȱ photographsȱ revealȱ thatȱ theȱ
headscarpȱ ofȱ theȱ 1978ȱ landslide,ȱ inȱ theȱ middleȱ toȱ easternȱ portionȱ ofȱ theȱ landslideȱ
(includingȱtheȱ1925ȱECDLLȱparcel),ȱhasȱaȱrelativelyȱmoderateȱ inclinationȱ(i.e.,ȱ lessȱthanȱ
35ȱ degrees),ȱ andȱ likelyȱ failedȱ alongȱ bedrockȱ stratificationȱ inclinedȱ seawardȱ (i.e.,ȱ dipȬ
slopeȱbedding).ȱ ȱAerialȱphotographsȱrevealȱfenceȱlineȱoffsetsȱthatȱindicateȱtheȱlandslideȱ
movedȱ slightlyȱ southeastward,ȱwhichȱ isȱ slightlyȱ obliqueȱ toȱ theȱ beddingȱ orientationsȱ
documentedȱinȱtheȱheadscarpȱregionȱwithinȱlargeȱdiameterȱboreholes,ȱbutȱnearȬparallelȱ
toȱtheȱorientationsȱnearȱtheȱbeach.ȱ ȱInȱourȱinvestigation,ȱweȱdocumentedȱsouthwesterlyȱ
dipsȱrangingȱ fromȱ25ȱ toȱ35ȱdegreesȱ inȱ theȱupperȱportionȱofȱ theȱslope,ȱbutȱ foundȱmuchȱ
shallowerȱbedrockȱinclinationsȱ(10ȱtoȱ20ȱdegrees)ȱandȱmoreȱsoutherlyȱorientationsȱinȱtheȱ
bluffȱfaceȱandȱinȱtheȱsurfȱzone.ȱȱȱȱȱȱ
ȱ ȱ
Theȱresidenceȱonȱ1925ȱECDLLȱpriorȱtoȱtheȱ1978ȱlandslideȱwas,ȱinȱpart,ȱconstructedȱatopȱ
theȱmarginȱ ofȱ theȱ olderȱ landslideȱ observedȱ inȱ theȱ historicalȱ aerialȱ photographsȱ andȱ
mapping,ȱthusȱwasȱstraddlingȱtheȱcontactȱbetweenȱlandslideȱdebrisȱandȱintactȱrock.ȱȱTheȱ
lackȱ ofȱ deepȱ foundationȱ supportȱ andȱ poorȱ placementȱ ofȱ theȱ structureȱ resultedȱ inȱ itsȱ
experiencingȱ downslopeȱmovementȱwhenȱ theȱ landslideȱ debrisȱ reactivated,ȱ removingȱ
supportȱforȱtheȱsouthernȱsideȱofȱtheȱstructure.ȱȱUnlikeȱthatȱlocationȱandȱfoundation,ȱtheȱ
currentȱresidentialȱprojectȱlocatesȱtheȱproposedȱhouseȱexclusivelyȱwithinȱintactȱMontereyȱ
Formationȱbedrockȱwithinȱtheȱheadscarpȱofȱtheȱevacuatedȱlandslide,ȱonȱaȱdeepȱpierȱandȱ
gradeȱ beamȱ foundationȱ andȱ inȱ anȱ areaȱ boundedȱ toȱ theȱ southȱ (downslope)ȱ andȱnorthȱ
(upslope)ȱbyȱshearȱpinȱ(stitchȬpier)ȱwalls.ȱȱȱAsȱillustratedȱinȱFiguresȱ5ȱandȱ6,ȱEngineeringȱ
GeologicȱMapȱandȱEngineeringȱGeologicȱCrossȱSectionȱAȬA’,ȱtheȱnorthernȱportionȱofȱtheȱ
1978ȱ landslideȱ debrisȱ isȱ mostlyȱ removedȱ fromȱ theȱ areaȱ ofȱ theȱ proposedȱ buildingȱ
envelope,ȱwithȱ onlyȱ aȱ smallȱwedgeȱ locatedȱ inȱ theȱ southernȱ portionȱ ofȱ theȱ buildingȱ
envelope,ȱwhichȱisȱproposedȱtoȱbeȱstabilizedȱwithȱaȱtiedȬbackȱshearȱpinȱwall.ȱȱ
ȱ
3.2ȱ LocalȱGeologyȱ

ȱ
Theȱ parcelȱ isȱ underlainȱ byȱ bedrockȱmaterialsȱ ofȱ theȱMontereyȱ Formationȱ (i.e.,ȱwellȬ
stratifiedȱ siltstoneȱ andȱ shaleȱwithȱ isolatedȱ interbeddedȱ bentoniteȱ horizons).ȱ ȱAlluvialȱ
terraceȱmaterialsȱandȱartificialȱ fillȱareȱ locatedȱbeneathȱandȱeastȱofȱ theȱdrivewayȱ inȱ theȱ
northernȱ“flagȱpole”ȱportionȱofȱtheȱ ‘flagȱlot’ȱparcel.ȱ ȱOxidizedȱbedrockȱmaterialsȱonȱtheȱ
parcelȱ experiencedȱ landslidingȱ inȱ 1978.ȱ ȱ Theseȱ displacedȱ bedrockȱmaterialsȱ areȱwellȬ
exposedȱonȱtheȱcoastalȱbluffȱfaceȱonȱtheȱparcel.ȱȱBedrockȱmaterialsȱareȱexposedȱalongȱtheȱ
coastalȱbluffȱonȱtheȱupcoastȱandȱdowncoastȱsidesȱofȱtheȱ1978ȱECDLLȱlandslide.ȱȱBedrockȱ
orientations,ȱinȱgeneral,ȱareȱdocumentedȱtoȱbeȱveryȱsimilarȱwithinȱtheȱlandslideȱmassȱasȱ
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theyȱ areȱ outsideȱ ofȱ theȱ landslide,ȱwithȱnorthwestȱ strikesȱ andȱ southwestȱdipsȱ rangingȱ
fromȱ15ȱtoȱ35ȱdegrees.ȱBedrockȱmaterialsȱareȱlocallyȱoverlainȱbyȱalluvialȱterraceȱdepositsȱ
inȱtheȱnorthernȱportionȱofȱtheȱsite,ȱlandslideȱdepositsȱinȱtheȱsouthernȱportionȱofȱtheȱsite,ȱ
surficialȱsoilȱmaterials,ȱandȱartificialȱfill.ȱȱTheȱ1978ȱECDLLȱlandslideȱmobilizedȱalongȱtheȱ
centralȱ andȱ southernȱ portionsȱ ofȱ theȱ siteȱ andȱ resultedȱ inȱ residentialȱ distressȱ andȱ theȱ
ultimateȱremovalȱofȱtheȱtwoȱresidentialȱstructuresȱ(1921ȱandȱ1925ȱElȱCaminoȱDeȱLaȱLuz).ȱȱ
TheȱCityȱgradedȱ theȱareaȱofȱ theȱparcelȱbetweenȱelevationȱ60ȱandȱ126ȱ feetȱonȱorȱaboutȱ
AugustȬSeptemberȱ1978ȱandȱinstalledȱsandȱbagȱwalls,ȱflexȱpipe,ȱandȱvȬditchȱdrainageȱtoȱ
directȱstormwaterȱrunoffȱtoȱtheȱrelictȱdrainageȱswaleȱonȱtheȱ1921ȱElȱCaminoȱDeȱLaȱLuzȱ
coastalȱbluffȱtop.ȱ

ȱ
3.3ȱ EarthȱMaterialsȱ
ȱ
Earthȱmaterialsȱpresentȱinȱtheȱsubjectȱparcelȱincludeȱbeachȱdeposits,ȱlandslideȱdeposits,ȱ
surficialȱsoil/colluvium,ȱnonȬmarineȱ terraceȱdepositsȱandȱMontereyȱFormationȱbedrockȱ
materialsȱasȱdescribedȱbelow:ȱ

ȱ
3.3.1 BeachȱDepositsȱ (Qbs)ȱ Ȭȱ Beachȱ depositsȱ areȱ presentȱ inȱ theȱ subjectȱ areaȱ

seasonallyȱasȱaȱthinȱveneerȱofȱwellȬsortedȱmediumȬgrainedȱsandȱatopȱbedrockȱmaterialsȱ
andȱ coarseȱ cobbleȱ deposits.ȱ ȱ Theȱ beachȱ depositsȱ areȱ derivedȱ fromȱ localȱ andȱ regionalȱ
weatheringȱ ofȱ theȱ coastlineȱ andȱ netȱ longshoreȱ driftȱ currentsȱ thatȱ transportȱmaterialsȱ
fromȱwestȱ toȱ east.ȱ ȱ Theȱ beachȱ depositsȱ areȱ lightȱ toȱmediumȱ grayȱ inȱ color,ȱmediumȱ
grained,ȱ wellȱ sortedȱ andȱ rounded,ȱ containȱ abundantȱ shellȱ fragments,ȱ andȱ containȱ
occasionalȱ roundedȱ cobblesȱ upȱ toȱ 6ȱ inchesȱ inȱ dimension.ȱ ȱ Aȱ moreȱ persistentȱ
accumulationȱofȱveryȱcoarseȱcobblesȱ isȱ locatedȱatȱ theȱ landwardȱedgeȱofȱ theȱbeachȱandȱ
consistsȱofȱveryȱhardȱandȱstrong,ȱ fossiliferous,ȱdolomiticȱandȱsiliceousȱcobblesȱderivedȱ
fromȱmassȱwastingȱofȱtheȱlocalȱMontereyȱFormation.ȱȱȱȱ

ȱ
3.3.2ȱ Landslideȱ Debrisȱ (Als)ȱ –ȱ Landslideȱ debrisȱ associatedȱ withȱ theȱ 1978ȱ

landslide,ȱasȱ illustratedȱonȱourȱEngineeringȱGeologicȱMapȱ(seeȱreducedȱversion,ȱFigureȱ
5),ȱ underliesȱ theȱ southernȱ portionȱ ofȱ theȱ parcel.ȱ ȱ ȱOurȱ geologicȱmapping,ȱ loggingȱ ofȱ
smallȬdiameterȱ boreholes,ȱ andȱ downholeȱ loggingȱ ofȱ largeȬdiameterȱ boreholeȱ LDȬ3ȱ
revealsȱ thatȱ theȱ landslideȱdepositsȱ consistȱofȱhighlyȱ fractured,ȱdilated,ȱdisrupted,ȱ andȱ
weatheredȱMontereyȱFormationȱsedimentaryȱmaterialsȱconsistingȱofȱmudstone,ȱsiltstone,ȱ
andȱ shale.ȱ ȱ Theȱ landslideȱ debrisȱ containsȱ bedrockȱ orientationsȱ nearȱ theȱ regionalȱ
conditions,ȱ consistentȱ withȱ aȱ translationalȱ typeȱ ofȱ earthȱ movement.ȱ ȱ Theȱ bedrockȱ
orientationsȱonȱeitherȱsideȱofȱtheȱbasalȱruptureȱsurfaceȱinȱLDȬ3ȱareȱvirtuallyȱidentical;ȱbyȱ
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definition,ȱthisȱnecessitatesȱaȱtranslationalȱfailureȱmechanism.ȱTheȱbasalȱruptureȱsurfaceȱ
isȱ notȱ exposedȱ inȱ theȱ coastalȱ bluff,ȱ andȱ ourȱ interpretationȱ suggestsȱ thatȱ theȱ 1978ȱ
landslideȱ‘toedȬout’ȱnearȱtheȱshorelineȱangleȱdefinedȱbyȱtheȱcobbleȱdepositsȱonȱtheȱbackȱ
beach.ȱ ȱWeȱ didȱ observeȱ aȱ shearȱ surfaceȱ nearȱ theȱ topȱ ofȱ theȱ cobbleȱ deposits,ȱ butȱ ourȱ
interpretationȱisȱthatȱthisȱshearȱsurfaceȱisȱlikelyȱanȱintermediateȱshearȱaboveȱtheȱburiedȱ
basalȱshearȱsurface.ȱ

ȱȱ
3.3.3 NonȬMarineȱ Terraceȱ Depositsȱ (Qt)ȱ –ȱ NonȬmarineȱ terraceȱ depositsȱ

unconformablyȱoverlieȱMontereyȱFormationȱbedrockȱacrossȱtheȱdrivewayȱportionȱofȱtheȱ
parcel,ȱbetweenȱelevationsȱ130ȱandȱ140ȱ feet.ȱTheȱnonȬmarineȱ terraceȱdepositsȱ rangeȱ inȱ
thicknessȱ fromȱapproximatelyȱ5ȱ toȱ8ȱ feet.ȱ ȱTheseȱmaterialsȱareȱcharacterizedȱbyȱaȱdarkȱ
brown,ȱorganicȱrich,ȱsiltyȱclayȱsoilȱprofileȱonȱwhichȱvegetationȱ isȱestablished.ȱ ȱThisȱsoilȱ
profileȱgradesȱdownȱ intoȱmediumȱ brownȱ siltyȱ sandsȱwithȱ occasionalȱpebblesȱupȱ toȱ 4ȱ
inchesȱscatteredȱthroughout.ȱȱTheseȱsiltyȱsands,ȱwhichȱformȱtheȱmainȱbodyȱofȱtheȱterraceȱ
materials,ȱ alsoȱ containȱ laterallyȱ discontinuousȱ lensesȱ ofȱ wellȬroundedȱ pebblesȱ thatȱ
representȱchannelȱgravelȱdeposits.ȱȱAtȱtheȱbaseȱofȱtheȱterraceȱisȱaȱsemiȬcontinuousȱgravelȱ
lagȱ depositȱ thatȱ isȱ directlyȱ atopȱ theȱ siltstoneȱ bedrock.ȱ ȱ Theseȱ earthȱ materialsȱ wereȱ
exposedȱandȱloggedȱinȱaȱhandȬexcavatedȱtestȱpitȱjustȱbelowȱtheȱendȱofȱtheȱdrivewayȱbyȱ
Weaver.ȱȱ

ȱ
3.3.4 Montereyȱ Formationȱ Bedrockȱ (Tm)ȱ –ȱ Theȱ parcelȱ isȱ underlainȱ byȱ

sedimentaryȱ bedrockȱ materialsȱ ofȱ theȱ Montereyȱ Formation.ȱ ȱ Theseȱ earthȱ materialsȱ
consistȱ ofȱ variablyȱ weatheredȱ siliceousȱ shale,ȱ mudstone,ȱ siltstone,ȱ andȱ isolatedȱ fineȱ
sandstone.ȱ ȱ TheȱMontereyȱ Formationȱ isȱ generallyȱ thinȬbeddedȱ andȱ hasȱ aȱweatheringȱ
zoneȱofȱbetweenȱ25ȱandȱ30ȱfeetȱthicknessȱconsistingȱofȱtan/buffȱshaleȱandȱmudstoneȱthatȱ
isȱ closelyȱ fracturedȱ andȱ weakȱ toȱ moderatelyȱ strong.ȱ ȱ Isolated,ȱ deeplyȱ weatheredȱ
mudstoneȱinterbedsȱwereȱobservedȱinȱtheȱsubsurfaceȱduringȱdownholeȱloggingȱofȱLDȬ1ȱ
andȱ LDȬ2.ȱ ȱ Belowȱ theȱ weatheringȱ zone,ȱ theȱ bedrockȱ isȱ darkȱ brownȱ toȱ darkȱ gray,ȱ
petroliferous,ȱandȱwellȬbedded,ȱwithȱ isolatedȱ tightlyȬfoldedȱ rockȱhavingȱnumerousȱ tarȱ
seams.ȱ ȱBedrockȱorientationsȱobservedȱ inȱ theȱ largeȬdiameterȱboringsȱandȱ inȱ theȱcoastalȱ
bluffȱ revealȱ persistentȱ eastȬwestȱ toȱ northwestȱ strikesȱ andȱ southerlyȱ dipsȱ ofȱmoderateȱ
inclination,ȱ resultingȱ inȱ dipȬslopeȱ conditionsȱ (sedimentaryȱ bedrockȱ layersȱ slopingȱ
downslope)ȱatȱtheȱbluffȱface.ȱ
ȱ
ȱ
ȱ
ȱ
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3.4ȱ SubsurfaceȱConditionsȱ
ȱ
Theȱ subsurfaceȱ geologicȱ conditionsȱ atȱ 1925ȱ ElȱCaminoȱDeȱ Laȱ Luzȱwereȱ exploredȱ byȱ
excavatingȱ threeȱ smallȬdiameterȱ boreholesȱ inȱ Mayȱ 2011,ȱ andȱ twoȱ largeȬdiameterȱ
boreholesȱinȱOctoberȱ2011ȱ(seeȱPlateȱ1ȱandȱFigureȱ5,ȱEngineeringȱGeologicȱMap).ȱ
ȱ
ȱ 3.4.1ȱ SmallȬDiameterȱBoreholeȱExplorationȱ–ȱThreeȱsmallȬdiameterȱboreholesȱ
wereȱdrilledȱonȱtheȱ1925ȱElȱCaminoȱDeȱLaȱLuzȱparcel,ȱandȱtwoȱboringsȱwereȱdrilledȱonȱ
theȱ adjacentȱ 1921ȱ ElȱCaminoȱDeȱ Laȱ Luzȱ parcel.ȱ ȱ Theȱ smallȬdiameterȱ boreholesȱwereȱ
excavatedȱ primarilyȱ utilizingȱ mudȬrotary,ȱ continuousȱ coringȱ methods;ȱ however,ȱ theȱ
upperȱportionsȱofȱ theȱboreholesȱwithinȱartificialȱ fill,ȱweatheredȱbedrockȱandȱ landslideȱ
debrisȱ wereȱ drilledȱ usingȱ hollowȬstemȱ augerȱ techniques.ȱ ȱ Inclinometerȱ casingȱ wasȱ
installedȱinȱeachȱborehole,ȱandȱ2ȱvibratingȱwireȱpiezometersȱwereȱattachedȱtoȱtheȱoutsideȱ
ofȱ eachȱ boreholeȱ casingȱ andȱ groutedȱ intoȱplace.ȱ ȱDetailedȱ logsȱ ofȱ theseȱ boringsȱwereȱ
generatedȱinȱtheȱfieldȱandȱaugmentedȱbyȱadditionalȱloggingȱofȱretainedȱcoresȱinȱourȱlabȱ
byȱstaffȱandȱprincipalȱgeologistsȱ(seeȱboreholeȱlogsȱinȱAppendixȱA).ȱ
ȱ
ȱ Boreholeȱ BȬ1ȱ –ȱ Boreholeȱ BȬ1ȱwasȱ excavatedȱ alongȱ theȱ eastȱ sideȱ ofȱ theȱ 1925ȱ Elȱ
Caminoȱ Deȱ Laȱ Luzȱ driveway,ȱ nearȱ elevationȱ 132ȱ feetȱ andȱ upslopeȱ ofȱ theȱ proposedȱ
buildingȱenvelope.ȱ ȱ InȱBoreholeȱBȬ1,ȱweȱencounteredȱapproximatelyȱ7ȱ feetȱ thicknessȱofȱ
nonȬbedrockȱmaterialȱ consistingȱofȱ siltyȱ clay,ȱ siltyȱ sandȱ terraceȱdeposits,ȱ andȱpossiblyȱ
someȱartificialȱ fill.ȱ ȱBelowȱ theseȱ earthȱmaterials,ȱweȱ encounteredȱweatheredȱMontereyȱ
Formationȱbedrockȱconsistingȱofȱweakȱtoȱmoderatelyȱstrong,ȱfractured,ȱlaminatedȱshaleȱ
andȱclaystone.ȱ ȱTheȱterraceȱdepositsȱandȱweatheredȱbedrockȱinȱtheȱupperȱ28ȱfeetȱbelowȱ
groundȱ surfaceȱ (toȱ elevationȱ 104ȱ feet)ȱwereȱ drilledȱ usingȱ aȱ hollowȬstemȱ augerȱwithȱ
Modifiedȱ Californiaȱ samplingȱ atȱ approximateȱ 3Ȭfootȱ intervals.ȱ ȱ Approachingȱ theȱ
boundaryȱbetweenȱtheȱweatheredȱandȱunweatheredȱbedrock,ȱtheȱdrillingȱbecameȱmuchȱ
harder,ȱandȱmudȬrotaryȱdrillingȱmethodsȱwereȱusedȱwithȱcontinuousȱcoreȱsamplingȱ(seeȱ
AppendixȱA,ȱ representativeȱ photographsȱ ofȱ coreȱ samples).ȱ ȱWeȱ encounteredȱ slightlyȱ
weatheredȱ toȱunweatheredȱMontereyȱFormationȱbedrockȱ fromȱ38ȱ feetȱdepthȱ (elevationȱ
94ȱ feet)ȱ toȱ theȱ bottomȱ ofȱ theȱ boreholeȱ atȱ aȱ depthȱ ofȱ 98ȱ feetȱ belowȱ groundȱ surfaceȱ
(elevationȱ 34ȱ feet).ȱ ȱTheseȱ earthȱmaterialsȱ consistedȱofȱunoxidized,ȱvariablyȱ fractured,ȱ
andȱmoderatelyȱ strongȱ toȱ strongȱ shaleȱandȱ claystone.ȱ ȱLocalizedȱhighlyȱ fracturedȱandȱ
weakȱzonesȱwereȱencountered,ȱandȱisolatedȱclayȱseamsȱwereȱencounteredȱatȱdepthsȱofȱ70ȱ
andȱ75ȱfeetȱbelowȱgroundȱsurface.ȱȱNoȱbentoniteȱlayersȱwereȱencountered,ȱbutȱnumerousȱ
tarȱseamsȱwereȱencounteredȱinȱBoreholeȱBȬ1.ȱ
ȱ
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ȱ Boreholeȱ BȬ2ȱ –ȱ Boreholeȱ BȬ2ȱ wasȱ excavatedȱ withinȱ theȱ proposedȱ buildingȱ
envelope,ȱnearȱelevationȱ119ȱfeet.ȱȱInȱBoreholeȱBȬ2,ȱweȱencounteredȱapproximatelyȱ5ȱfeetȱ
ofȱnonȬbedrockȱmaterialȱconsistingȱofȱsiltyȱclayȱandȱsiltyȱsandȱartificialȱfill.ȱȱBelowȱtheseȱ
materials,ȱweatheredȱMontereyȱFormationȱbedrockȱwasȱencountered,ȱconsistingȱofȱweakȱ
toȱmoderatelyȱstrong,ȱfractured,ȱlaminatedȱshaleȱandȱclaystone.ȱȱTheȱfillȱandȱweatheredȱ
bedrockȱ inȱ theȱ upperȱ 30ȱ feetȱwereȱ drilledȱ usingȱ aȱ hollowȬstemȱ augerȱwithȱModifiedȱ
Californiaȱ samplingȱatȱapproximateȱ3Ȭȱ toȱ5Ȭfootȱ intervals.ȱ ȱApproachingȱ theȱboundaryȱ
betweenȱ theȱweatheredȱ andȱ unweatheredȱ bedrock,ȱ theȱ drillingȱ becameȱmuchȱ harder,ȱ
andȱ mudȬrotaryȱ drillingȱ methodsȱ wereȱ usedȱ withȱ continuousȱ coreȱ samplingȱ (seeȱ
AppendixȱA,ȱ representativeȱ photographsȱ ofȱ coreȱ samples).ȱ ȱWeȱ encounteredȱ slightlyȱ
weatheredȱ toȱunweatheredȱMontereyȱFormationȱbedrockȱ fromȱ35ȱ feetȱ toȱ theȱbottomȱofȱ
theȱboreholeȱatȱaȱdepthȱofȱ98ȱ feetȱbelowȱgroundȱ surface.ȱTheseȱmaterialsȱ consistedȱofȱ
unoxidized,ȱ variablyȱ fractured,ȱ andȱmoderatelyȱ strongȱ toȱ strongȱ shaleȱ andȱ claystone.ȱȱ
Localizedȱhighlyȱ fracturedȱandȱweakȱzonesȱwereȱencountered,ȱandȱ isolated,ȱunshearedȱ
clayȱseamsȱand/orȱ thinȱ (paperȱ thinȱ toȱaȱ fewȱmmȱ thick)ȱclayȱ filmsȱwereȱencounteredȱatȱ
depthsȱofȱ31,ȱ89ȱandȱ95ȱfeetȱbelowȱgroundȱsurfaceȱ(elevationsȱ101,ȱ43,ȱandȱ37ȱfeet).ȱȱNoȱ
bentoniteȱlayers,ȱbutȱnumerousȱtarȱseamsȱwereȱencounteredȱinȱBoreholeȱBȬ2.ȱ
ȱ
ȱ BoreholeȱBȬ3ȱ–ȱBoreholeȱBȬ3ȱwasȱexcavatedȱdownslopeȱofȱtheȱproposedȱbuildingȱ
envelope,ȱnearȱelevationȱ87ȱfeet.ȱȱInȱBoreholeȱBȬ3,ȱweȱencounteredȱapproximatelyȱ14ȱfeetȱ
thicknessȱofȱ landslideȱdepositsȱ consistingȱofȱ siltyȱ clayȱwithȱ rockȱ fragments,ȱdisruptedȱ
shaleȱ andȱ claystoneȱwithȱ numerousȱ intersticesȱ (voids).ȱ ȱ Belowȱ theseȱ earthȱmaterials,ȱ
weatheredȱMontereyȱ Formationȱ bedrockȱ wasȱ encountered,ȱ consistingȱ ofȱ moderatelyȱ
strong,ȱ fractured,ȱ laminatedȱ shaleȱ andȱ claystone.ȱ ȱTheȱ fillȱ andȱ landslideȱdebrisȱ inȱ theȱ
upperȱ10ȱfeetȱwereȱdrilledȱusingȱaȱhollowȬstemȱaugerȱwithȱModifiedȱCaliforniaȱsamplingȱ
atȱapproximateȱ3Ȭfootȱintervals.ȱȱMudȬrotaryȱdrillingȱmethodsȱwereȱusedȱbelowȱaȱdepthȱ
ofȱ 10ȱ feet,ȱ withȱ continuousȱ coreȱ sampling.ȱ ȱWeȱ encounteredȱ slightlyȱ weatheredȱ toȱ
unweatheredȱMontereyȱ Formationȱ bedrockȱ fromȱ 18ȱ feetȱ depthȱ toȱ theȱ bottomȱ ofȱ theȱ
boreholeȱ atȱ aȱ depthȱ ofȱ 98ȱ feetȱ belowȱ groundȱ surface.ȱ Theseȱ materialsȱ consistedȱ ofȱ
unoxidized,ȱ variablyȱ fractured,ȱ andȱmoderatelyȱ strongȱ toȱ strongȱ shaleȱ andȱ claystone.ȱȱ
Localizedȱhighlyȱ fracturedȱandȱweakȱzonesȱwereȱencountered,ȱbutȱnoȱbentoniteȱ layersȱ
wereȱ encountered.ȱ ȱNumerousȱ tarȱ seamsȱwereȱ encounteredȱ throughoutȱ theȱ relativelyȱ
unweatheredȱportionȱofȱtheȱboreholeȱandȱtheseȱseamsȱtypicallyȱcrossȬcutȱbeddingȱalongȱ
veryȱtightȱfractureȱzones.ȱȱ
ȱ
ȱ 3.4.2ȱ Instrumentationȱ–ȱ Inclinometersȱandȱpiezometersȱwereȱ installedȱwithinȱ
boreholesȱBȬ1,ȱBȬ2,ȱandȱBȬ3.ȱȱInclinometersȱwereȱinstalledȱtheȱfullȱlengthȱofȱeachȱboreholeȱ
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(98ȱ feetȱ depthȱ belowȱ groundȱ surface)ȱ andȱ initializedȱ onȱMayȱ 19,ȱ 2011.ȱ ȱ Subsequentȱ
inclinometerȱ readingsȱwereȱperformedȱonȱMayȱ26,ȱ Juneȱ1,ȱ Juneȱ27,ȱandȱSeptemberȱ22,ȱ
2011,ȱandȱJanuaryȱ5,ȱ2012.ȱȱToȱdate,ȱweȱhaveȱnotȱdetectedȱmovementsȱinȱanyȱofȱtheȱthreeȱ
inclinometersȱ thatȱexceedȱ theȱprecisionȱ limitationsȱofȱ theȱ instrumentȱ (seeȱAppendixȱC,ȱ
inclinometerȱgraphs).ȱȱTwo,ȱvibratingȱwireȱpiezometerȱsensorsȱwereȱinstalledȱinȱeachȱofȱ
theȱ threeȱboreholesȱatȱmidȬrangeȱdepthsȱofȱbetweenȱ38ȱandȱ45ȱ feet,ȱandȱdeepȱ sensorsȱ
betweenȱ88ȱandȱ93ȱfeetȱdepthȱbelowȱgroundȱsurface.ȱȱTheȱwaterȱlevelsȱrecordedȱinȱtheseȱ
instrumentsȱ (seeȱAppendixȱ C,ȱ piezometerȱ graphs)ȱ betweenȱmidȬMayȱ 2011ȱ andȱ earlyȱ
January,ȱ 2012ȱ haveȱ beenȱ relativelyȱ consistentȱ andȱ generallyȱ correspondȱ withȱ theȱ
transitionȱfromȱoxidizedȱtoȱunoxidizedȱbedrockȱbetweenȱ25ȱandȱ30ȱfeetȱdepthȱbelowȱtheȱ
groundȱsurface,ȱasȱshownȱonȱEngineeringȱGeologicȱCrossȱSectionȱAȬA’ȱ(seeȱFigureȱ6).ȱ
ȱ
ȱ 3.4.3ȱ LargeȬDiameterȱ Boreholeȱ Explorationȱ –ȱ Weȱ excavatedȱ two,ȱ 24Ȭinchȱ
diameter,ȱlargeȬdiameterȱboreholesȱ(LDȬ2ȱandȱLDȬ3)ȱforȱtheȱpurposeȱofȱinvestigatingȱtheȱ
subsurfaceȱconditionsȱofȱ1925ȱElȱCaminoȱDeȱLaȱLuz.ȱ ȱAȱ thirdȱ largeȱdiameterȱboreholeȱ
(LDȬ1)ȱwasȱexcavatedȱonȱ theȱadjacentȱpropertyȱatȱ1921ȱECDLL.ȱ ȱTheseȱboreholesȱwereȱ
downholeȱloggedȱbyȱourȱstaffȱandȱprincipalȱgeologists;ȱourȱgeologicȱlogsȱareȱincludedȱinȱ
AppendixȱA.ȱȱFigureȱ5ȱalsoȱshowsȱtheȱlocationȱofȱtheseȱboreholes.ȱ
ȱ
ȱ Boreholeȱ LDȬ2ȱ –ȱ Boreholeȱ LDȬ2ȱwasȱ excavatedȱwithinȱ theȱ proposedȱ buildingȱ
envelopeȱofȱ1925ȱElȱCaminoȱDeȱLaȱLuz,ȱatȱanȱapproximateȱgroundȱsurfaceȱelevationȱofȱ
120ȱ feet,ȱupslopeȱofȱ theȱ1978ȱ landslideȱdebris,ȱandȱwithinȱ theȱheadscarpȱ regionȱofȱ theȱ
1978ȱ landslide.ȱ ȱ Inȱ Boreholeȱ LDȬ2,ȱweȱ encounteredȱ approximatelyȱ 5ȱ feetȱ thicknessȱ ofȱ
artificialȱ fillȱ inȱ theȱ southernȱ (downslope)ȱ portionȱ ofȱ theȱ boreholeȱ only,ȱ whichȱ weȱ
interpretȱtoȱbeȱpartȱofȱtheȱpostȬ1978ȱlandslideȱgrading.ȱȱThisȱfillȱwasȱnotȱobservedȱinȱtheȱ
northernȱ (upslope)ȱportionȱofȱ theȱhole.ȱ ȱTheȱentireȱboreholeȱ (withȱ theȱexceptionȱofȱ theȱ
artificialȱ fill)ȱ consistsȱofȱ relativelyȱuniformȱMontereyȱFormationȱbedrockȱ characterizedȱ
by:ȱ deeplyȱ toȱ moderatelyȱ weathered,ȱ thinȬbeddedȱ claystoneȱ andȱ shale,ȱ weakȱ toȱ
moderatelyȱ strong,ȱ closelyȱ fractured,ȱdryȱ toȱmoistȱ inȱ theȱupperȱ 15ȱ feet,ȱ andȱmoistȱ toȱ
locallyȱwetȱbelowȱ15ȱfeet.ȱȱConspicuousȱtarȱseamsȱwereȱobservedȱcrossȬcuttingȱbedding.ȱȱ
Theȱclaystoneȱ interbedsȱwereȱ locallyȱ softȱandȱplastic,ȱwhereasȱ theȱ shaleȱwasȱgenerallyȱ
moderatelyȱ hard,ȱ strong,ȱ andȱ brittle.ȱ Beddingȱ orientationsȱwereȱ generallyȱ consistent,ȱ
withȱaverageȱorientationsȱdocumentedȱtoȱbeȱN63W,ȱ27SW.ȱȱTheȱboreholeȱdidȱnotȱcontainȱ
evidenceȱ ofȱ previousȱ landsliding,ȱ suchȱ asȱ openȱ fractures,ȱ shears,ȱ offsetȱ beddingȱ
relationships,ȱ striatedȱ shearȱ planesȱ orȱ abundantȱ highȬangleȱ fracturesȱwithȱ rootsȱ andȱ
openings.ȱ ȱVeryȱ difficultȱ drillingȱ conditionsȱwereȱ encounteredȱ atȱ aȱ depthȱ ofȱ 26ȱ feet.ȱȱ
Seepageȱwasȱ encounteredȱ atȱ aȱ depthȱ ofȱ 23ȱ feetȱ duringȱ drilling,ȱ andȱ standingȱwaterȱ
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stabilizedȱinȱtheȱboreholeȱatȱaȱdepthȱofȱ21.5ȱfeetȱatȱtheȱendȱofȱtheȱday.ȱȱPhotographsȱandȱ
videoȱfootageȱofȱthisȱboreholeȱareȱonȱfileȱatȱCSA’sȱLosȱGatosȱoffice.ȱ
ȱ
ȱ BoreholeȱLDȬ3ȱ–ȱBoreholeȱLDȬ3ȱisȱlocatedȱdownslopeȱofȱLDȬ2ȱwithinȱtheȱtrailingȱ
edgeȱ ofȱ theȱ 1978ȱ ECDLLȱ landslideȱ debris,ȱ atȱ approximateȱ elevationȱ 93ȱ feetȱ nearȱ theȱ
southeasternȱmarginȱofȱ theȱproposedȱbuildingȱenvelope.ȱ ȱThisȱboreholeȱwasȱexcavatedȱ
nearȱtheȱnorthȬsouthȱpropertyȱline,ȱandȱseveralȱfeetȱontoȱtheȱ1921ȱElȱCaminoȱDeȱLaȱLuzȱ
parcel.ȱ ȱInȱBoreholeȱLDȬ3,ȱweȱencounteredȱapproximatelyȱ12ȱfeetȱthicknessȱofȱlandslideȱ
debrisȱ characterizedȱ byȱ profuselyȱ fractured,ȱ unstable,ȱ ravelly,ȱ deeplyȱweatheredȱ andȱ
weakȱMontereyȱFormationȱmaterials.ȱȱAtȱaȱdepthȱofȱ12ȱfeet,ȱweȱencounteredȱaȱprominentȱ
basalȱlandslideȱshearȱsurfaceȱcharacterizedȱbyȱaȱ3Ȭȱtoȱ5Ȭinchȱthickȱshearȱzoneȱwithȱupperȱ
andȱ lowerȱboundingȱshearȱsurfacesȱthatȱareȱbeddingȱplaneȬparallel.ȱBetweenȱtheȱupperȱ
andȱlowerȱboundingȱshears,ȱweȱdocumentedȱhighlyȱfractured,ȱdisrupted,ȱandȱdisplacedȱ
siltyȱsandȱandȱclayeyȱsiltȱwithȱabundantȱshaleȱrockȱ fragments.ȱ ȱTheȱshearȱzoneȱhasȱanȱ
orientationȱofȱN70W,ȱ30SW,ȱwhichȱ isȱsimilarȱ toȱbeddingȱorientationsȱaboveȱandȱbelow.ȱȱ
Clayȱ gouge,ȱ paperȱ thinȱ toȱ 0.25Ȭinchȱ inȱ thickness,ȱwasȱ observedȱ alongȱ theȱ upperȱ andȱ
lowerȱ contactsȱ ofȱ theȱ shearȱ zone,ȱ butȱ theseȱ gougeȱ zonesȱ wereȱ discontinuousȱ andȱ
disrupted.ȱȱWeȱinterpretȱthisȱtoȱbeȱtheȱresultȱofȱdilationȱ(unloading)ȱalongȱtheȱshearȱzoneȱ
asȱtheȱmainȱportionȱofȱtheȱlandslideȱevacuatedȱthisȱareaȱandȱtheȱtrailingȱedgeȱofȱtheȱ1978ȱ
landslideȱcameȱtoȱrestȱatȱthisȱlocation.ȱȱȱ
ȱ
Theȱ basalȱ shearȱ zoneȱ definesȱ aȱ dramaticȱ texturalȱ changeȱ inȱ theȱ borehole,ȱ whereȱ
unoxidized,ȱ intact,ȱ hardȱ andȱ strongȱ Montereyȱ Formationȱ bedrockȱ materialsȱ wereȱ
encounteredȱbelowȱtheȱshear,ȱandȱextendedȱtoȱtheȱbottomȱofȱtheȱboreholeȱatȱaȱdepthȱofȱ
30ȱfeet.ȱ ȱBeddingȱorientationsȱwereȱgenerallyȱconsistentȱaboveȱandȱbelowȱ theȱ landslideȱ
shearȱ surface,ȱ withȱ averageȱ orientationsȱ documentedȱ toȱ beȱ N67W,ȱ 28SW.ȱ ȱ Practicalȱ
drillingȱrefusalȱwasȱencounteredȱatȱaȱdepthȱofȱ30ȱfeet.ȱȱSeepageȱwasȱencounteredȱduringȱ
drillingȱatȱaȱdepthȱofȱ25ȱfeet,ȱandȱstandingȱwaterȱstabilizedȱinȱtheȱboreholeȱatȱaȱdepthȱofȱ
26ȱfeetȱ theȱfollowingȱmorning.ȱ ȱPhotographsȱandȱvideoȱ footageȱofȱ thisȱboreholeȱareȱonȱ
fileȱatȱCSA’sȱLosȱGatosȱoffice.ȱ
ȱ
ȱ Boreholeȱ LDȬ1ȱ –ȱ Thisȱ boreholeȱwasȱ drilledȱ inȱ theȱ northernȱ portionȱ ofȱ 1921ȱ Elȱ
Caminoȱ Deȱ Laȱ Luz,ȱ outsideȱ ofȱ theȱ limitsȱ ofȱ theȱ 1978ȱ landslide,ȱ andȱ wasȱ usedȱ forȱ
correlationȱpurposesȱinȱtheȱanalysisȱofȱtheȱsubsurfaceȱgeologyȱonȱ1925ȱElȱCaminoȱDeȱLaȱ
Luz.ȱȱInȱboreholeȱLDȬ3,ȱweȱencounteredȱrelativelyȱuniformȱMontereyȱFormationȱbedrockȱ
forȱ theȱ entireȱ depthȱ ofȱ theȱ holeȱ (25.4ȱ feet),ȱ characterizedȱ by:ȱ ȱ deeplyȱ toȱmoderatelyȱ
weathered,ȱ thinȬbeddedȱ claystoneȱ andȱ shale,ȱ weakȱ toȱ moderatelyȱ strong,ȱ closelyȱ
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fractured,ȱdryȱtoȱdampȱforȱtheȱentireȱborehole,ȱandȱconspicuousȱtarȱseamsȱalongȱbeddingȱ
nearȱ18ȱfeet.ȱȱTheȱclaystoneȱinterbedsȱwereȱlocallyȱsoftȱandȱplastic,ȱwhereasȱtheȱshaleȱwasȱ
moderatelyȱ hard,ȱ strong,ȱ andȱ brittle.ȱ Beddingȱ orientationsȱwereȱ generallyȱ consistent,ȱ
withȱaverageȱorientationsȱdocumentedȱtoȱbeȱN40W,ȱ33SW.ȱȱTheȱboreholeȱdidȱnotȱcontainȱ
evidenceȱ ofȱ previousȱ landsliding,ȱ suchȱ asȱ openȱ fractures,ȱ shears,ȱ offsetȱ beddingȱ
relationships,ȱstriatedȱbeddingȱplanesȱorȱabundantȱhighȬangleȱ fracturesȱwithȱrootsȱandȱ
openings.ȱ ȱVeryȱ difficultȱ drillingȱ conditionsȱwereȱ encounteredȱ atȱ aȱ depthȱ ofȱ 25ȱ feet.ȱ
Seepageȱwasȱnotȱencounteredȱ inȱ thisȱborehole.ȱ ȱPhotographsȱandȱvideoȱ footageȱofȱ thisȱ
boreholeȱareȱonȱfileȱatȱCSA’sȱLosȱGatosȱoffice.ȱ
ȱ
3.5ȱ GroundwaterȱConditionsȱ

ȱ
Groundwaterȱwasȱ observedȱ inȱ largeȬdiameterȱ boreholesȱ LDȬ2ȱ andȱ LDȬ3ȱ atȱ stabilizedȱ
(approximateȱ12Ȭhourȱperiod)ȱdepthsȱofȱ21.5ȱandȱ26ȱfeet,ȱrespectively.ȱȱRelativelyȱminorȱ
seepageȱwasȱobservedȱduringȱdrillingȱ andȱ loggingȱofȱ theseȱholesȱ atȱdepthsȱofȱ 23ȱ feetȱ
(LDȬ2),ȱandȱ25ȱ feetȱ (LDȬ3).ȱ ȱRotaryȱwashȱdrillingȱmethodsȱwereȱutilizedȱ forȱ theȱsmallȬ
diameterȱdrilling,ȱandȱ thus,ȱnoȱgroundwaterȱ levelsȱcouldȱbeȱobservedȱduringȱdrilling.ȱȱ
However,ȱ twoȱ vibratingȱwireȱ piezometerȱ sensorsȱwereȱ installedȱ inȱ eachȱ ofȱ theȱ threeȱ
smallȬdiameterȱboreholes;ȱoneȱatȱaȱmidȬrangeȱdepthȱofȱbetweenȱ38ȱandȱ45ȱfeet,ȱandȱoneȱ
deepȱsensorȱbetweenȱ88ȱandȱ93ȱfeetȱbelowȱgroundȱsurface.ȱȱWaterȱlevelsȱwereȱrecordedȱ
inȱtheseȱ instrumentsȱ(seeȱpiezometerȱgraphs,ȱAppendixȱC)ȱbetweenȱmidȬMayȱ2011ȱandȱ
earlyȱ Januaryȱ 2012.ȱ ȱ Groundwaterȱ levelsȱ haveȱ beenȱ relativelyȱ consistentȱ duringȱ theȱ
monitoringȱ period,ȱ andȱ generallyȱ correspondȱ withȱ theȱ transitionȱ fromȱ oxidizedȱ toȱ
unoxidizedȱ bedrockȱ betweenȱ 22ȱ andȱ 35ȱ feetȱ belowȱ theȱ groundȱ surface,ȱ asȱ shownȱ onȱ
EngineeringȱGeologicȱCrossȱSectionȱAȬA’ȱ(seeȱFigureȱ6).ȱȱTheȱdeepȱandȱshallowȱsensorsȱ
revealȱgroundwaterȱ levelsȱnearlyȱatȱtheȱsameȱelevation,ȱ indicatingȱthatȱneitherȱartesianȱ
conditionsȱnorȱperchedȱwaterȱtablesȱareȱpresentȱonȱtheȱparcel.ȱ
ȱ
3.6ȱ SummaryȱofȱFindingsȱ
 
Ourȱ surfaceȱ andȱ subsurfaceȱ explorationȱ revealsȱ thatȱ theȱ parcelȱ atȱ 1925ȱ ECDLLȱ isȱ
underlainȱ byȱ sedimentaryȱ bedrockȱ materialsȱ ofȱ theȱ Montereyȱ Formation.ȱ ȱ Theseȱ
materialsȱ areȱ generallyȱ orientedȱ inȱ aȱ dipȬslopeȱ conditionȱ withȱ beddingȱ slopedȱ
approximatelyȱ 20ȱ toȱ 35ȱ degreesȱ toȱ theȱ south.ȱ ȱ Theȱ intactȱMontereyȱ Formationȱ atȱ theȱ
subjectȱparcelȱcontainsȱaȱprominentȱweatheredȱzoneȱthatȱisȱapproximatelyȱ20ȱtoȱ40ȱfeetȱinȱ
thickness.ȱ ȱ Theȱ centralȱ andȱ southernȱ portionsȱ ofȱ 1925ȱ ECDLLȱ areȱ underalinȱ byȱ aȱ
moderatelyȱdeepȱ (i.e.,ȱ 40ȱ toȱ 50ȱ feetȱ inȱmaximumȱdepth),ȱ translationalȱ landslide.ȱ ȱThisȱ

Page 30 



 
 

landslideȱ mobilizedȱ inȱ February,ȱ 1978ȱ inȱ responseȱ toȱ heavyȱ rainfallȱ andȱ likelyȱ inȱ
responseȱ toȱ stormwaterȱdischargeȱ fromȱECDLLȱ toȱ theȱ southȱ trendingȱdriveways,ȱ andȱ
leakageȱfromȱtheȱMesaȱTrunkȱSewerȱLineȱintoȱtheȱheadscarpȱareaȱofȱtheȱlandslide.ȱȱThisȱ
landslideȱ debrisȱ isȱ inȱ aȱ lowȱ slopeȱ positionȱ onȱ 1925ȱ ECDLLȱ andȱ hasȱ notȱ shownȱ
measurableȱreactivationȱsinceȱtheȱprimaryȱfailureȱinȱ1978;ȱhowever,ȱitȱisȱourȱopinionȱthatȱ
reactivationȱ ofȱ theȱ debrisȱ couldȱ occurȱ duringȱ heavyȱ rainfallȱ orȱ seismicȱ events.ȱ ȱ Noȱ
evidenceȱofȱpreȬhistoricȱ landslidingȱwasȱobservedȱupslopeȱofȱ theȱ1978ȱ landslide.ȱ ȱTheȱ
mobilizationȱ ofȱ theȱ 1978ȱ landslideȱ massȱ removedȱ lateralȱ subjacentȱ supportȱ forȱ theȱ
northernȱportionȱofȱ1925ȱECDLL,ȱandȱ thus,ȱ thoroughȱ characterizationȱandȱanalysisȱofȱ
thisȱ slopeȱhasȱbeenȱperformedȱ toȱdetermineȱ itsȱ stabilityȱ state,ȱasȱdescribeȱ laterȱ inȱ thisȱ
report.
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4.0ȱ LIMITȱEQUILIBRIUMȱSLOPEȱSTABILITYȱANALYSESȱȱ
ȱ
4.1ȱ RepresentativeȱCrossȱSectionȱAnalyzedȱȱ
ȱ
EngineeringȱGeologicȱCrossȱSectionȱAȬA’ȱ(seeȱFigureȱ6ȱandȱPlateȱ1)ȱwasȱanalyzedȱforȱourȱ
slopeȱ stabilityȱ analysesȱbecauseȱ itȱ bestȱ representsȱ theȱ siteȱ topographyȱ andȱ subsurfaceȱ
exploratoryȱboreholeȱdata.ȱȱThisȱcrossȱsectionȱwasȱgeneratedȱbasedȱuponȱourȱsiteȬspecificȱ
topographicȱ surveyȱ ofȱ 2010ȱ asȱ wellȱ asȱ ourȱ smallȬȱ andȱ largeȬdiameterȱ subsurfaceȱ
explorationȱandȱmonitoringȱofȱgroundwaterȱlevels.ȱȱȱ
ȱ
4.2ȱ AnalysisȱProcedureȱ
ȱ
Ourȱanalysisȱwasȱfocusedȱonȱevaluatingȱtheȱstabilityȱofȱtheȱslopesȱatȱtheȱparcelȱwithȱtheȱ
conservativeȱ assumptionȱ thatȱ theȱ 1978ȱ landslideȱmassȱ belowȱ theȱ proposedȱ buildingȱ
envelopeȱcouldȱpotentially/eventuallyȱevacuate/mobilizeȱseaward,ȱandȱbeȱsubsequentlyȱ
erodedȱ awayȱ byȱ nearshoreȱ coastalȱ processes.ȱ ȱ Inȱ reality,ȱ theȱ remainingȱ terrestrialȱ
landslideȱmassȱhasȱnotȱmovedȱ significantlyȱ sinceȱ1978,ȱandȱ isȱ thereforeȱ likelyȱactuallyȱ
providingȱsomeȱbuttressingȱeffectȱ forȱ theȱmaterialsȱupslope.ȱ ȱForȱconservatism,ȱweȱdidȱ
notȱ relyȱonȱ thisȱbuttressingȱ componentȱ inȱourȱanalysisȱandȱassumedȱ thatȱ theȱ existingȱ
landslideȱdebrisȱwasȱnoȱlongerȱpresent.ȱȱInȱourȱanalysis,ȱweȱevaluatedȱtheȱresultingȱslopeȱ
stabilityȱ byȱ determiningȱ theȱ requiredȱ stabilizationȱ structuresȱ andȱ shearȱ resistanceȱ
demandȱ neededȱ toȱmitigateȱ theȱ potentialȱ forȱ futureȱ deepȬseatedȱ slopeȱ instabilityȱ toȱ
industryȱstandardȱfactorsȱofȱsafety.ȱȱWeȱevaluatedȱtheȱfollowingȱfourȱconditions:ȱ
ȱ

1.ȱȱ Weȱ evaluatedȱ theȱ futureȱ slopeȱ stabilityȱ ofȱ theȱparcelȱ byȱ assumingȱ thatȱ theȱ
landslideȱ debrisȱ hadȱ evacuatedȱ withȱ noȱ improvementsȱ (residences)ȱ orȱ
stabilizationȱmadeȱtoȱtheȱparcel;ȱ

ȱ
2.ȱȱ Weȱ evaluatedȱ theȱ futureȱ slopeȱ stabilityȱ ofȱ theȱparcelȱ byȱ assumingȱ thatȱ theȱ

landslideȱdebrisȱhasȱevacuated,ȱ theȱ residenceȱhasȱbeenȱconstructedȱandȱ theȱ
slopeȱisȱstabilizedȱwithȱtwoȱrowsȱofȱshearȱpins,ȱtheȱlowerȱrowȱequippedȱwithȱ
tiebacksȱ toȱ achieveȱ aȱ satisfactoryȱ staticȱ Factorȱ ofȱ Safetyȱ (FS)ȱ equalȱ toȱ orȱ
greaterȱthanȱ1.5;ȱ

ȱ
3.ȱȱ Weȱ evaluatedȱ theȱ sameȱ conditionȱ asȱ 2,ȱ above,ȱ exceptȱ thatȱ aȱ pseudoȬstaticȱ

coefficientȱofȱk=0.15ȱ isȱ addedȱ toȱmodelȱpotentialȱ earthquakeȱ loadingȱ andȱ aȱ
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satisfactoryȱpseudoȬstaticȱFactorȱofȱSafetyȱ(FS)ȱequalȱtoȱorȱgreaterȱthanȱ1.1ȱtoȱ
1.2ȱisȱachieved;ȱandȱ

ȱ
4.3ȱ SoftwareȱandȱMethodologyȱ
ȱ
TheȱcomputerȱprogramȱSLOPE/Wȱ(byȱGeoȬSlopeȱInternational)ȱwasȱusedȱtoȱperformȱtheȱ
CSAȱ slopeȱ stabilityȱanalysis.ȱ ȱAllȱanalysesȱwereȱperformedȱutilizingȱ theȱMorgensternȬ
Priceȱmethodȱofȱanalysis.ȱȱWithȱthisȱmethod,ȱtheȱparametersȱofȱourȱrepresentativeȱcrossȱ
sectionȱareȱinputȱintoȱtheȱprogram,ȱtheȱpotentialȱslidingȱmassȱisȱdividedȱintoȱslicesȱbyȱtheȱ
program,ȱ andȱ interȬsliceȱ sideȱ forceȱ inclinationsȱ areȱ variable.ȱ ȱ TheȱMorgensternȬPriceȱ
methodȱ satisfiesȱ equilibriumȱ conditionsȱ forȱoverallȱmoment,ȱ individualȱ sliceȱmoment,ȱ
andȱverticalȱandȱhorizontalȱforces.ȱȱ
ȱ
Theȱ Blockȱ Searchȱmethodȱwasȱ usedȱ toȱ identifyȱ hypotheticalȱ criticalȱ potentialȱ failureȱ
surfaces.ȱ ȱThisȱmethodȱ isȱpreferredȱ forȱanalyzingȱnonȬcircularȱ surfacesȱalongȱbeddingȱ
planes.ȱ ȱUsingȱtheȱBlockȱSearchȱmethod,ȱtrialȱfailureȱsurfacesȱareȱcreatedȱbyȱconnectingȱ
surfacesȱ(linearȱlines)ȱbetweenȱnodesȱofȱuserȬspecifiedȱblocks.ȱȱTheȱnumberȱofȱnodesȱandȱ
sizes/locationsȱofȱblocksȱareȱparametersȱselectedȱbyȱtheȱprogramȱoperator.ȱ ȱInȱaddition,ȱ
theȱoperatorȱcanȱspecifyȱaȱrangeȱofȱprojectionȱanglesȱofȱeachȱblockȱtoȱtheȱgroundȱsurfaceȱ
atȱbothȱtheȱheadȱofȱtheȱslideȱandȱtheȱtoeȱofȱtheȱslide.ȱȱThisȱmethodȱofȱsearchingȱcreatesȱaȱ
largeȱnumberȱofȱsurfacesȱandȱsignificantȱiterationȱisȱrequired.ȱȱȱ
ȱ
4.4ȱ AnalysisȱInputȱParametersȱȱ
ȱ
Theȱprimaryȱinputȱparametersȱneededȱforȱtheȱlimitȱequilibriumȱslidingȱstabilityȱanalysesȱ
includedȱ theȱgroundȱ surfaceȱ topography,ȱ subsurfaceȱgeologicȱ stratigraphy,ȱdepthȱandȱ
inclinationȱ(geometry)ȱofȱtheȱhypotheticalȱbasalȱshearȱsurface,ȱstrengthȱandȱunitȱweightȱ
propertiesȱofȱtheȱearthȱmaterialsȱandȱtheȱgroundwaterȱlevels.ȱ
ȱ

GroundȱSurfaceȱTopographyȱ–ȱTheȱ topographyȱwasȱbasedȱonȱ theȱ siteȬspecificȱ
2010ȱCSAȱtopographicȱsurveyȱ(withȱ2Ȭfootȱcontourȱintervals)ȱofȱtheȱparcel.ȱ
ȱ

SubsurfaceȱGeologicȱStratigraphyȱ–ȱTheȱgeologicȱunitsȱwereȱdeterminedȱbasedȱ
onȱsurfaceȱmappingȱandȱsubsurfaceȱexploration,ȱ includingȱsmallȬdiameterȱboringsȱandȱ
downholeȱ loggingȱ ofȱ largeȬdiameterȱ borings.ȱ ȱ Theȱ stratigraphyȱ isȱ comprisedȱ ofȱ twoȱ
MontereyȱFormationȱbedrockȱunitsȱ (WeatheredȱBedrockȱandȱUnweatheredȱBedrock),ȱaȱ
QuaternaryȱTerraceȱ(Qt)ȱdeposit,ȱArtificialȱFillȱ(Af),ȱandȱLandslideȱDebrisȱ(Als).ȱ
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ȱ
ȱ Shearȱ Strengthsȱ Ȭȱ Weȱ performedȱ backȬcalculationȱ analysisȱ onȱ theȱ existingȱ
landslideȱ and,ȱbasedȱonȱ thatȱ analysis,ȱ arrivedȱ atȱ aȱ residualȱ shearȱ strengthȱparametersȱ
andȱ averageȱwetȱ unitȱweightȱ ofȱC=ȱ 0ȱpsf,ȱØȱ =ȱ 190,ȱ ·ȱ =ȱ 89ȱpcfȱ forȱ thisȱmaterial.ȱ ȱTheȱ
Weatheredȱ andȱ Unweatheredȱ Bedrockȱ wereȱ assignedȱ alongȬbeddingȱ shearȱ strengthȱ
parametersȱandȱwetȱunitȱweightȱvaluesȱofȱCȱ=ȱ0ȱpsf,ȱØȱ=ȱ250,ȱ·ȱ=ȱ105ȱpcfȱandȱCȱ=ȱ1ȱpsf,ȱØȱ
=ȱ320,ȱ·ȱ=ȱ110ȱpcf,ȱrespectively.ȱȱTheȱWeatheredȱBedrockȱshearȱstrengthȱparametersȱofȱCȱ=ȱ
0ȱpsf,ȱØȱ=ȱ250ȱwereȱbasedȱonȱanȱaverageȱofȱfourȱresidualȱtorsionalȱringȱshearȱtestȱresultsȱ
fromȱweatheredȱbedrockȱ samplesȱ takenȱbyȱCSAȱ staffȱgeologistsȱ inȱ theȱ largeȬdiameterȱ
boreholes.ȱ ȱTheȱUnweatheredȱBedrockȱshearȱstrengthȱparametersȱofȱCȱ=ȱ1ȱpsf,ȱØȱ=ȱ320ȱ
representȱ theȱ highestȱ residualȱ torsionalȱ ringȱ shearȱ testȱ resultȱ ofȱ theȱ fourȱweatheredȱ
bedrockȱ samples.ȱ ȱ ȱ Theȱ wetȱ unitȱ weightȱ valueȱ selectedȱ forȱ theȱWeatheredȱ Bedrockȱ
representsȱtheȱaverageȱofȱsevenȱunitȱweightȱtests,ȱwhileȱtheȱUnweatheredȱBedrockȱwetȱ
unitȱweightȱwasȱselectedȱbasedȱonȱanȱaverageȱofȱ theȱ fiveȱhighestȱ laboratoryȱ testȱresultȱ
values.ȱ ȱWeȱ noteȱ thatȱ theȱ unweathered,ȱ alongȬbeddingȱ shearȱ strengthȱ valuesȱ wereȱ
approximatelyȱ28%ȱgreaterȱthanȱtheȱweatheredȱshearȱstrengthȱvalues.ȱ
ȱ
ȱ CrossȬBeddingȱShearȱStrengthȱȬȱDuringȱourȱgeologicȱmapping,ȱloggingȱofȱsmallȬ
diameterȱcontinuousȱcoresȱandȱdownholeȱ loggingȱofȱ theȱ largeȬdiameterȱboringsȱwithinȱ
theȱ intactȱMontereyȱ Formationȱ bedrock,ȱweȱ observedȱ layeredȱ stratigraphicȱ rockȱwithȱ
unitȱstrengthsȱthatȱvariedȱfromȱveryȱhardȱandȱstrongȱrock,ȱtoȱweakȱtoȱmoderatelyȱstrongȱ
rock.ȱ ȱ Thisȱ layered,ȱ intactȱ rockȱ inherentlyȱ containsȱ significantȱ crossȬbeddingȱ shearȱ
strengthȱ inȱ bothȱ theȱweatheredȱ andȱ unweatheredȱ bedrockȱ relativeȱ toȱ alongȱ beddingȱ
shearȱstrength.ȱȱForȱtheȱslopeȱstabilityȱanalysis,ȱweȱusedȱaȱcrossȬbeddingȱshearȱstrengthȱ
inȱ theȱweatheredȱmaterialȱbasedȱonȱ theȱ resultsȱofȱ twoȱofȱ theȱ fourȱ triaxialȱcompressionȱ
consolidatedȱshearȱstrengthȱtestsȱperformedȱwhichȱresultedȱinȱanistropicȱshearȱstrengthȱ
parametersȱofȱCȱ=ȱ0ȱpsf,ȱØȱ=ȱ450.ȱȱ
ȱ
Sinceȱ difficultȱ drillingȱ conditionsȱwereȱ encounteredȱ inȱ theȱ unweatheredȱ bedrock,ȱweȱ
couldȱ notȱ obtainȱ undisturbedȱ tubeȱ samples;ȱ therefore,ȱ mudȬrotaryȱ drillingȱ wasȱ
performedȱandȱcontinuousȱcoreȱsamplesȱwereȱretrieved.ȱȱTheȱshearȱstrengthȱparametersȱ
(frictionȱangleȱandȱ cohesion)ȱ forȱ theȱunweatheredȱ rockȱwereȱ consequentlyȱderivedȱbyȱ
usingȱanȱ estimateȱofȱ theȱ rockȱmassȱ strengthȱofȱ theȱ sedimentaryȱ rockȱusingȱ theȱHoekȬ
Brownȱ failureȱ criterion.ȱ ȱ Thisȱ procedureȱ consistsȱ ofȱ anȱ empiricalȱ methodȱ usedȱ toȱ
estimateȱtheȱstrengthȱparametersȱofȱjointedȱrockȱmassesȱ(HoekȱandȱBrown,ȱ1997).ȱȱInputȱ
parametersȱtoȱthisȱanalysisȱincludeȱtheȱGeologicalȱStrengthȱIndexȱ(GSI,ȱWyllieȱandȱMah,ȱ
2004;ȱandȱRocscience,ȱ2007),ȱwhichȱisȱaȱratingȱsystemȱthatȱallowsȱtheȱrockȱmassȱqualityȱtoȱ
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beȱ quantifiedȱ basedȱ onȱ theȱ surfaceȱ conditionsȱ andȱ rockȱ fracturing.ȱ ȱ Otherȱ inputȱ
parametersȱincludeȱunconfinedȱcompressiveȱstrengthȱandȱrockȱtypeȱratingȱ(aȱfactor,ȱm,ȱ
whichȱisȱaȱconstantȱdependentȱonȱrockȱtype)ȱrelatedȱtoȱtheȱprincipalȱstressesȱatȱfailure.ȱȱȱȱ
ȱ
Weȱ loggedȱ theȱ coreȱ samplesȱ inȱ detailȱ andȱ foundȱ thatȱ theȱ unweatheredȱ Montereyȱ
Formationȱconsistsȱofȱthreeȱdistinctȱrockȱdomainsȱbasedȱuponȱstrengthȱcharacteristics:ȱ1)ȱ
ConcretionaryȱSiltstone,ȱveryȱhardȱandȱveryȱstrong,ȱlimitedȱtoȱapproximatelyȱ5%ȱofȱtheȱ
unweatheredȱ stratigraphy,ȱ GSIȱ 55Ȭ70;ȱ 2)ȱ Siliceousȱ Siltstone,ȱ mediumȱ strength,ȱ wellȬ
bedded,ȱ closelyȱ fractured,ȱ makesȱ upȱ approximatelyȱ 65%ȱ ofȱ theȱ unweatheredȱ
stratigraphy,ȱGSIȱ50Ȭ55;ȱandȱ3)ȱWeaklyȱCementedȱSiltstone,ȱveryȱweakȱtoȱweakȱstrength,ȱ
wellȬbedded,ȱmakesȱupȱapproximatelyȱ30%ȱofȱtheȱunweatheredȱstratigraphy,ȱGSIȱ20Ȭ25.ȱ
Weȱ usedȱ aȱ Schmidtȱ Hammerȱ toȱ obtainȱ theȱ compressiveȱ strengthȱ ofȱ theȱ rock,ȱ andȱ
correlatedȱtheseȱtestȱresultsȱwithȱgeologicȱfieldȱtestsȱ(hammerȱblows,ȱknifeȱscratchȱtests,ȱ
etc.)ȱtoȱassureȱappropriateȱcompressiveȱstrengthȱinputȱparametersȱwereȱbeingȱused.ȱȱTheȱ
resultsȱofȱtheȱcalculationsȱ(performedȱusingȱRocscience,ȱ1997ȱsoftware)ȱareȱpresentedȱinȱ
AppendixȱD.ȱȱȱ
ȱ
Inȱ summary,ȱ theȱ HoekȬBrownȱ failureȱ criterionȱ (Mohrȱ Coulombȱ cohesionȱ strengthȱ
parameter)ȱresultedȱ inȱPhiȱ=ȱ40ȱdegreesȱandȱcohesionȱofȱ3,700ȱpsf.ȱ ȱ Itȱshouldȱbeȱnotedȱ
thatȱ forȱconservatism,ȱweȱutilizedȱexclusivelyȱ theȱ lowerȱboundȱ rangeȱofȱ theȱGSIȱ inputȱ
parametersȱforȱtheȱCaseȱ1ȱandȱCaseȱ2ȱrockȱdomains.ȱȱForȱCaseȱ3,ȱtheȱupperȱboundȱinputȱ
parametersȱ(GSIȱ=ȱ25ȱandȱ0.5ȱksiȱcompressiveȱstrength)ȱwereȱusedȱratherȱthanȱtheȱlowerȱ
boundȱ(GSIȱ=ȱ20ȱandȱ0.15ȱksiȱcompressiveȱstrength),ȱdueȱtoȱtheȱlowȱstrengthȱ(Phi=ȱ14°,ȱCȱ
=ȱ720ȱpsf)ȱofȱtheȱresults,ȱwhichȱareȱunlikelyȱtoȱbeȱachievedȱforȱtheseȱintact,ȱunweatheredȱ
bedrockȱmaterials.ȱȱAȱweightedȱaverageȱofȱtheȱthreeȱrockȱdomains,ȱandȱtheirȱassociatedȱ
strengths,ȱwasȱ thenȱ generatedȱ toȱ arriveȱ atȱ averageȱ shearȱ strengthȱ parametersȱ forȱ theȱ
unweatheredȱrockȱthatȱwouldȱhaveȱtoȱbeȱshearedȱinȱorderȱforȱaȱlandslideȱshearȱplaneȱtoȱ
daylightȱ atȱ theȱ toeȱ ofȱ slope.ȱ ȱ Thisȱweightedȱ averageȱ (Phiȱ =ȱ 40°,ȱ Cȱ =ȱ 3,700ȱ psf)ȱwasȱ
reducedȱtoȱPhiȱ=ȱ40°,ȱCȱ=ȱ2,000ȱpsfȱtoȱconservativelyȱaccountȱforȱuncertainties.ȱȱ
ȱ
ItȱisȱworthȱnotingȱthatȱcrossȬbeddingȱstrengthsȱforȱtheȱMontereyȱFormationȱatȱtheȱOceanȱ
Trailsȱ Developmentȱ projectȱ onȱ theȱ Palosȱ Verdesȱ Peninsulaȱ (withȱ similarȱ Montereyȱ
Formationȱbedrockȱtypeȱandȱsimilarȱstratigraphyȱasȱtheȱsubjectȱparcel)ȱwereȱderivedȱbyȱ
theȱProjectȱGeologistȱinȱmuchȱtheȱsameȱmanner,ȱexceptȱtheyȱusedȱtheȱRockȱMassȱRatingȱ
system.ȱ ȱTheyȱarrivedȱatȱaȱcrossȬbeddedȱshearȱstrengthȱofȱPhiȱ=ȱ51°ȱandȱCȱ=ȱ6,500ȱpsf.ȱȱ
Theseȱdataȱwereȱpeerȱreviewedȱbyȱanȱindependentȱpanelȱofȱexpertsȱwhoȱdeterminedȱthatȱ
aȱ rangeȱ ofȱ strengthsȱwasȱmoreȱ appropriateȱ atȱ theȱ site,ȱ dependingȱ uponȱ anticipatedȱ
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loadingȱconditions.ȱ ȱTheȱ lowerȱboundingȱ strengthȱparametersȱwereȱPhiȱ=ȱ40°ȱandȱCȱ=ȱ
2,000ȱpsf,ȱwithȱtheȱupperȱboundȱstrengthȱparametersȱatȱPhiȱ=ȱ51°ȱandȱCȱ=ȱ6,500ȱpsf.ȱȱAsȱ
peerȱ reviewersȱ forȱ theȱ project,ȱweȱ inspectedȱ hundredsȱ ofȱ feetȱ ofȱ coreȱ andȱ downholeȱ
loggedȱoverȱ50ȱlargeȬdiameterȱboreholesȱatȱtheȱPalosȱVerdesȱsite,ȱandȱconcludeȱthatȱtheȱ
rockȱatȱ theȱ subjectȱWestȱMesaȱparcelȱ isȱveryȱ similarȱ toȱ thatȱobservedȱatȱOceanȱTrails.ȱ
Therefore,ȱ itȱ isȱ ourȱ opinionȱ thatȱ theȱ crossȬbeddingȱ strengthsȱ forȱ theȱ unweatheredȱ
bedrockȱpresentedȱaboveȱareȱconservative,ȱandȱareȱgenerallyȱusedȱforȱrockȱthatȱisȱmoreȱ
disruptedȱthanȱthatȱobservedȱinȱtheȱunweatheredȱzoneȱatȱtheȱsubjectȱWestȱMesaȱparcel.ȱ
ȱ
Toȱmodelȱ thisȱ anisotropicȱ strengthȱ inȱ theȱ computerȱprogram,ȱweȱ specifiedȱ theȱ alongȬ
beddingȱ shearȱ strengthȱasȱ failureȱ surfaceȱ inclinationsȱbetweenȱ 24ȱ andȱ 30ȱdegreesȱ (seeȱ
Figureȱ9)ȱandȱanyȱshearȱoutsideȱofȱthisȱrangeȱwouldȱbeȱassignedȱaȱcrossȱbeddingȱfactorȱ
asȱdiscussedȱaboveȱandȱshownȱinȱtheȱfollowingȱTableȱ2.ȱ
ȱ

Figureȱ9.ȱȱȱAnistropicȱStrengthȱFunctionȱforȱBeddingȱInclinationȱ
ȱ
ȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ

Theȱ inclinationȱ anglesȱmeasuredȱ fromȱ theȱ positiveȱ xȬaxisȱ areȱ positive,ȱ andȱ negativeȱ
whenȱmeasuredȱfromȱtheȱnegativeȱxȬaxisȱ(seeȱFigureȱ10ȱbelow).ȱ
 
Figure 10.  Sign Convention for Anisotropic Strength Function 
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(Source: Geostudio 2007 SLOPE/W) 

ȱ
Tableȱ2ȱ–ȱSlopeȱStabilityȱEarthȱMaterialȱPropertiesȱ
ȱ

ȱ
ȱ

EarthȱMaterialȱ

Unitȱȱȱ
Weightȱ
(pcf)ȱ

Alongȱ
Beddingȱ
Cohesionȱ
(psf)ȱ

Alongȱ
Beddingȱ
Frictionȱ
Angleȱ

(degrees)ȱ

CrossȱBedding
Cohesionȱ
(psf)ȱ

CrossȱBeddingȱ
FrictionȱAngleȱ

(degrees)ȱ

Weatheredȱ
Bedrockȱ

105ȱ 0ȱ 25ȱ 0ȱ 45ȱ

Unweatheredȱ
Bedrockȱ

110ȱ 1ȱ 32ȱ 2,000ȱ 40ȱ

ȱ
ȱ
Forȱsimplicity,ȱtheȱrelativelyȱthinȱzonesȱofȱArtificialȱfillȱ(Af)ȱandȱQuaternaryȱTerraceȱ(Qt)ȱ
materialsȱwereȱmodeledȱasȱWeatheredȱBedrock.ȱ
ȱ

Groundwaterȱ Levelsȱ –ȱ Aȱ piezometricȱ surfaceȱwasȱ selectedȱ usingȱ theȱ highestȱ
recordedȱ waterȱ levelsȱ indicatedȱ byȱ theȱ piezometersȱ installedȱ inȱ theȱ smallȬdiameterȱ
boreholes.ȱȱFromȱtheȱfurthestȱdownslopeȱpiezometer,ȱtheȱwaterȱsurfaceȱwasȱassumedȱtoȱ
graduallyȱdescendȱ towards,ȱ andȱdaylightȱ atȱ theȱ toeȱ of,ȱ theȱ slopeȱ justȱ aboveȱ theȱ backȱ
beach.ȱȱȱ
ȱ
ȱ Buildingȱ Loadȱ –ȱ Weȱ modeledȱ theȱ proposedȱ residentialȱ developmentȱ loadsȱ
assumingȱtwoȱparallelȱcontinuousȱpointȱloadsȱofȱ850ȱlbs,ȱ20ȱfeetȱapart,ȱforȱtheȱproposedȱ
residentialȱfoundationȱpiers.ȱȱ
ȱ
4.5ȱ AnalysisȱResultsȱ
ȱ
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BackȬCalculationȱȬȱWeȱbeganȱourȱslopeȱstabilityȱanalysisȱbyȱperformingȱaȱbackȬ
calculationȱtoȱdetermineȱshearȱstrengthsȱforȱforwardȱanalysesȱbyȱassumingȱtheȱexistingȱ
areaȱofȱ theȱslopeȱcomprisedȱofȱ theȱ1978ȱ landslideȱdebrisȱhasȱaȱ factorȱofȱsafetyȱslightlyȱ
aboveȱunityȱ(FSȱ=ȱ1.01),ȱsinceȱtheȱ1978ȱlandslideȱisȱnotȱpresentlyȱmoving.ȱȱConsequently,ȱ
forȱdevelopmentȱofȱareasȱofȱtheȱsiteȱwithinȱtheȱactiveȱlandslideȱboundaries,ȱourȱgoalȱwasȱ
toȱ raiseȱ theȱ factorȱofȱ safetyȱ fromȱ theȱ currentȱFSȱ=ȱ1.01ȱ toȱ industryȱacceptedȱ factorsȱofȱ
safetyȱ ofȱ FSȱ ǃȱ 1.5ȱ staticȱ andȱ FSȱ ǃȱ 1.1ȱ toȱ 1.2ȱ seismicȱ (pseudoȬstaticȱ withȱ aȱ seismicȱ
coefficientȱ ofȱ 0.15).ȱ ȱ Theȱ backȬcalculatedȱ conditionȱ representsȱRunȱ 1ȱ inȱ theȱ followingȱ
Tableȱ3.ȱ ȱ Inȱ thisȱ table,ȱSSAȱstandsȱ forȱSlopeȱStabilityȱAnalysis,ȱSPȱstandsȱ forȱShearȱPinȱ
shearȱ capacityȱ needed,ȱ TBȱ standsȱ forȱ Tiebackȱ pulloutȱ resistanceȱ capacityȱ needed,ȱ kȱ
standsȱforȱseismicȱcoefficientȱandȱFSȱstandsȱforȱFactorȱofȱSafety.ȱ

ȱ
TABLEȱ3ȱ–ȱSLOPEȱSTABILITYȱANALYSISȱRESULTSȱ

ȱ

SSA Run 
# Slope Condition Analyzed

Lower SP 
Wall 

(kips)

Upper SP 
Wall 

(kips)
TB (kips) FS

1 Back-Calculation of existing slide debris surface N/A N/A N/A 1.01

2 Slide debris In place (Critical Surface obtained from post-construction 
condition Run 5) N/A N/A N/A 2.38

2A Potential bedding failure with slide debris in place N/A N/A N/A 2.41

3 Same as Run 2, but with slide debris removed (Critical Surface obtained 
from post-construction condition Run 5 ) N/A N/A N/A 1.66

3A Potential bedding failure with slide debris removed (same Critical Surface as 
Run 2A) N/A N/A N/A 1.96

3B Deep Block Search with debris removed N/A N/A N/A 1.58

4 Shallow Surface from Run 7, no SP or slide debris N/A N/A N/A 1.39

4A Same as 4, but with slide debris in place N/A N/A N/A 1.88

5 Critical Deep Surface, post construction of SP walls/ TBs / house loads, 
slide debris removed downslo pe of lower SP 40 50 100 1.68

6 Same Critical Surface and construction as Run 5, Seismic with k=0.15 40 50 100 1.23

7 Potential failure through upper shear pin wall (post construction, slide debris 
removed downslope of lower SP) 40 50 100 2.15

8 Same as Run 7, now with seismic k=0.15 40 50 100 1.24

9 Same as Run 5, with landslide debris in place downslope of lower SP 40 50 100 2.42

10 Same as Run 5, with landslide debris in place downslope of lower SP, now 
with seismic k=0.15 40 50 100 1.66

ȱ
ȱ
ForwardȱAnalysesȱ ȬȱWithȱtheȱ landslideȱdebrisȱevacuated,ȱweȱconductedȱaȱslopeȱ

stabilityȱ analysisȱ toȱdetermineȱwhatȱ theȱmostȱ likelyȱ hypotheticalȱdeepȱ failureȱ surfaceȱ
(thatȱdeepȱbasalȱshearȱsurfaceȱgeometryȱwithȱtheȱlowestȱfactorȱofȱsafety)ȱwouldȱbeȱwithȱ
theȱupperȱportionȱofȱtheȱparcelȱdevelopedȱandȱstabilizedȱ(Runȱ5,ȱFSȱ=ȱ1.68,ȱinȱtheȱtable).ȱȱ
Runȱ2ȱ (FSȱ=ȱ2.38)ȱ representsȱanȱanalysisȱofȱ theȱ factorȱofȱ safetyȱofȱ thisȱ fullyȱdevelopedȱ
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weakestȱpotentialȱshearȱsurfaceȱifȱtheȱlandslideȱdebrisȱwereȱstillȱinȱplaceȱ(notȱevacuated)ȱ
andȱRunȱ2Aȱ(FSȱ=ȱ2.41)ȱrepresentsȱaȱsearchȱforȱtheȱlowestȱfactorȱofȱsafetyȱforȱaȱpotentialȱ
beddingȱplaneȱfailureȱwithȱtheȱlandslideȱdebrisȱinȱplace.ȱ

ȱ
Alsoȱusingȱ theȱmostȱ likeȱhypotheticalȱ failureȱ surfaceȱ fromȱRunȱ 5,ȱRunȱ 3ȱ (FSȱ =ȱ

1.66)ȱrepresentsȱwhatȱtheȱfactorȱofȱsafetyȱforȱthisȱsurfaceȱdropsȱtoȱifȱtheȱlandslideȱdebrisȱ
wereȱ toȱbeȱ fullyȱevacuated,ȱRunȱ3Aȱ (FSȱ=ȱ1.96)ȱ representsȱwhatȱ theȱpotentialȱbeddingȱ
planeȱfailureȱfactorȱofȱsafetyȱdeterminedȱinȱRunȱ2Aȱdropsȱtoȱifȱtheȱlandslideȱwereȱtoȱfullyȱ
evacuate,ȱandȱRunȱ3Bȱ(FSȱ=ȱ1.58)ȱrepresentsȱanȱanalysisȱofȱtheȱpotentialȱforȱaȱdeepȬseatedȱ
landslideȱtoȱdevelopȱwithȱtheȱlandslideȱdebrisȱevacuatedȱusingȱaȱdeepȱblockȱsearch.ȱ

ȱ
Withȱtheȱlandslideȱdebrisȱevacuated,ȱweȱalsoȱconductedȱaȱslopeȱstabilityȱanalysisȱ

toȱ determineȱwhatȱ theȱmostȱ likelyȱ shallowȱ upslopeȱ hypotheticalȱ failureȱ surfaceȱ (thatȱ
shallowȱbasalȱshearȱsurfaceȱgeometryȱwithȱtheȱlowestȱfactorȱofȱsafety)ȱwouldȱbeȱwithȱtheȱ
upperȱportionȱofȱtheȱparcelȱdevelopedȱandȱstabilizedȱ(Runȱ7,ȱFSȱ=ȱ2.15,ȱinȱtheȱtable).ȱȱRunȱ
4ȱ(FSȱ=ȱ1.39)ȱrepresentsȱanȱanalysisȱofȱwhatȱtheȱfactorȱofȱsafetyȱforȱthisȱshallowȱsurfaceȱ
dropsȱ toȱ ifȱ theȱ landslideȱ debrisȱ hasȱ evacuatedȱ andȱ thereȱ areȱ noȱ shearȱ pinȱ wallsȱ
constructed.ȱ ȱRunȱ 4Aȱ (FSȱ =ȱ 1.88)ȱ representsȱ theȱ sameȱ analysisȱ asȱRunȱ 4,ȱbutȱwithȱ theȱ
landslideȱdebrisȱstillȱinȱplace.ȱ

ȱ
Asȱdiscussedȱabove,ȱRunȱ5ȱ(FSȱ=ȱ1.68)ȱrepresentsȱanȱanalysisȱofȱtheȱmostȱcriticalȱ

deepȬseatedȱfailureȱpotentialȱofȱtheȱslopeȱ ifȱtheȱparcelȱ isȱdevelopedȱwithȱtwoȱshearȱpinȱ
wallsȱ(theȱlowermostȱofȱwhichȱalsoȱhasȱtiebacks)ȱandȱtheȱlandslideȱdebrisȱhasȱbeenȱfullyȱ
evacuated.ȱȱRunȱ6ȱ(FSȱ=ȱ1.23)ȱisȱtheȱpseudoȬstaticȱanalysisȱfactorȱofȱsafetyȱofȱRunȱ5ȱusingȱ
aȱseismicȱcoefficientȱofȱkȱ=ȱ0.15.ȱ

ȱ
Asȱ alsoȱdiscussedȱ above,ȱRunȱ 7ȱ (FSȱ =ȱ 2.15)ȱ representsȱ anȱ analysisȱ ofȱ theȱmostȱ

criticalȱshallowȱupslopeȱ(inȱtheȱvicinityȱofȱtheȱupperȱshearȱpinȱwall)ȱfailureȱpotentialȱofȱ
theȱslopeȱ ifȱ theȱparcelȱ isȱdevelopedȱwithȱ twoȱshearȱpinȱwallsȱ (theȱ lowermostȱofȱwhichȱ
alsoȱhasȱtiebacks)ȱandȱtheȱlandslideȱdebrisȱhasȱbeenȱfullyȱevacuated.ȱȱRunȱ8ȱ(FSȱ=ȱ1.24)ȱisȱ
theȱpseudoȬstaticȱanalysisȱfactorȱofȱsafetyȱofȱRunȱ7ȱusingȱaȱseismicȱcoefficientȱofȱkȱ=ȱ0.15.ȱ

ȱ
Runȱ9ȱ(FSȱ=ȱ2.42)ȱ isȱtheȱsameȱanalysisȱasȱRunȱ5ȱ(deepȬseatedȱstability),ȱbutȱwithȱ

theȱlandslideȱdebrisȱstillȱinȱplaceȱasȱitȱisȱtodayȱandȱRunȱ10ȱ(FSȱ=ȱ1.66)ȱisȱtheȱsameȱanalysisȱ
asȱRunȱ6,ȱbutȱwithȱ theȱ landslideȱdebrisȱstillȱ inȱplaceȱasȱ itȱ isȱ today.ȱ ȱTheseȱrunsȱshouldȱ
representȱtheȱstaticȱ(FSȱ=ȱ2.42)ȱandȱseismicȱ(FSȱ=ȱ1.66)ȱfactorsȱofȱsafetyȱofȱtheȱdevelopedȱ
portionȱ ofȱ theȱ parcelȱ immediatelyȱ afterȱdevelopment.ȱ ȱ Shouldȱ theȱ existingȱ remainingȱ
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portionȱofȱ theȱ1978ȱ landslideȱ reactivateȱandȱmoveȱdownslopeȱ inȱ theȱ future,ȱ thisȱdeepȬ
seatedȱfactorȱofȱsafetyȱforȱtheȱdevelopedȱportionȱofȱtheȱpropertyȱwillȱdecline,ȱbutȱshouldȱ
notȱdeclineȱbelowȱtheȱlevelsȱofȱRunȱ5ȱ(staticȱFSȱ=ȱ1.68)ȱandȱRunȱ6ȱ(seismicȱFSȱ=ȱ1.23).ȱ

ȱ
WorstȱCaseȱConditionȱ–ȱWeȱperformedȱanȱanalysisȱofȱwhatȱcouldȱbeȱconsideredȱ

theȱworstȱcaseȱconditionȱ forȱslopeȱ instabilityȱofȱ theȱupslopeȱportionȱofȱ theȱpropertyȱbyȱ
conservativelyȱassumingȱ thatȱ theȱ1978ȱ landslideȱmassȱ fullyȱ reactivated,ȱmobilizedȱandȱ
evacuatedȱ fromȱ theȱ siteȱ toȱbeȱ erodedȱbyȱ coastalȱprocesses,ȱandȱ thusȱwouldȱnoȱ longerȱ
provideȱaȱbuttressȱforȱtheȱremainingȱslopeȱtoȱitsȱlandwardȱside.ȱȱThisȱȱanalysisȱindicatedȱ
that,ȱ ifȱ theȱ landslideȱdebrisȱevacuates,ȱ theȱ remainingȱ slopeȱwouldȱhaveȱaȱ reducedȱFS.ȱȱ
Dependingȱonȱtheȱhypotheticalȱfailureȱsurfaceȱanalyzed,ȱtheȱFSȱcouldȱbeȱreducedȱbyȱasȱ
muchȱasȱ30%.ȱȱToȱrelateȱthisȱanalysisȱtoȱtheȱproposedȱproject,ȱweȱchoseȱtheȱmostȱcriticalȱ
hypotheticalȱfailureȱsurfaceȱdeterminedȱforȱdeepȬseatedȱslopeȱstabilityȱofȱtheȱdevelopedȱ
portionȱ ofȱ theȱ propertyȱwithȱ theȱ landslideȱmassȱ completelyȱ goneȱ asȱdiscussedȱ aboveȱ
withȱresultsȱlistedȱinȱTableȱ3.ȱȱȱ
ȱ

Shearȱ PinȱWallsȱ withȱ Tiebacksȱ Installedȱ forȱ Stabilizationȱ –ȱWeȱ performedȱ
numerousȱanalysisȱ iterationsȱ inȱwhichȱweȱvariedȱ theȱnumberȱofȱshearȱpinȱ rows,ȱshearȱ
pinȱ resistance,ȱ numberȱ ofȱ tiebackȱ rows,ȱ andȱ tiebackȱ tensionsȱuntilȱ theȱ staticȱ factorȱ ofȱ
safetyȱwasȱaboveȱ1.5ȱ forȱallȱhypotheticallyȱsearchedȱ (bothȱshallowȱandȱdeep)ȱpotentialȱ
failureȱsurfaces.ȱȱTheseȱanalysesȱculminatedȱinȱtheȱdesignȱconceptȱanalyzedȱasȱdescribedȱ
aboveȱwithȱresultsȱlistedȱinȱTableȱ3.ȱ

ȱ
ShearȱPinȱwithȱTiebacksȱInstalledȱforȱStabilizationȱandȱaȱSeismicȱCoefficientȱ–ȱ

Weȱfixedȱ(heldȱinȱplace)ȱtheȱhypotheticalȱcriticalȱsurfacesȱfoundȱunderȱtheȱstaticȱloadingȱ
conditions,ȱandȱperformedȱpsuedoȬstaticȱanalysesȱusingȱaȱseismicȱcoefficientȱofȱkȱ=ȱ0.15.ȱȱ
Weȱ againȱmodifiedȱ theȱ shearȱpinȱ resistanceȱ andȱ tiebackȱ tensionsȱuntilȱweȱ achievedȱ aȱ
seismicȱ(pseudoȬstatic)ȱfactorȱofȱsafetyȱgreaterȱthanȱorȱequalȱtoȱ1.1ȱtoȱ1.2.ȱȱTheseȱanalysesȱ
culminatedȱ inȱ theȱ designȱ conceptȱ analyzedȱ asȱ describedȱ aboveȱwithȱ resultsȱ listedȱ inȱ
Tableȱ3.ȱ
ȱ
ȱ RequiredȱShearȱPinȱCapacityȱ–ȱOurȱanalysisȱindicatesȱthatȱsatisfactoryȱfactorsȱofȱ
safetyȱ(FSȱǃȱ1.5ȱstaticȱandȱFSȱǃȱ1.1ȱtoȱ1.2ȱpseudoȬstatic)ȱcanȱbeȱachievedȱatȱ1925ȱECDLLȱbyȱ
installingȱtwoȱrowsȱofȱ40Ȭfootȱdeepȱshearȱpinsȱ(steelȬreinforcedȱcastȬinȬdrilledȬholeȱpiers)ȱ
withȱanȱallowableȱ(service)ȱshearȱcapacityȱofȱ40ȱkipsȱforȱtheȱ lowerȱrowȱandȱ50ȱkipsȱforȱ
theȱ upperȱ row,ȱ andȱ spacedȱ atȱ 6Ȭfootȱ onȬcenters.ȱ ȱ Theȱ upperȱ rowȱwouldȱ beȱ installedȱ
roughlyȱ40ȱfeetȱsouthȱofȱ theȱeastȬwestȱpropertyȱ lineȱbetweenȱ1925ȱandȱ1927ȱElȱCaminoȱ
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DeȱLaȱLuzȱ (nearȱgradeȱ elevationsȱ 113ȱ toȱ 116ȱ feet),ȱwhileȱ theȱ lowerȱ rowȱofȱ shearȱpinsȱ
wouldȱ beȱ locatedȱ approximatelyȱ 77ȱ feetȱ furtherȱ southȱ ofȱ theȱ upperȱ row,ȱ orȱ
approximatelyȱ117ȱ feetȱ southȱofȱ thatȱeastȬwestȱpropertyȱ lineȱ (nearȱgradeȱelevationsȱ90ȱ
feet).ȱȱ
ȱ
ȱ RequiredȱTiebackȱCapacityȱ–ȱOurȱanalysisȱ indicatesȱ thatȱsatisfactoryȱ factorsȱofȱ
safetyȱ(FSȱǃȱ1.5ȱstaticȱandȱFSȱǃȱ1.1ȱtoȱ1.2ȱpseudoȬstatic)ȱcanȱbeȱachievedȱbyȱequippingȱtheȱ
lowerȱshearȱpinsȱwithȱoneȱrowȱofȱ65Ȭfootȱlong,ȱ100Ȭkipȱ(designȱload)ȱtensionedȱtiebacksȱ
declinedȱatȱ20ȱdegreesȱfromȱhorizontalȱupslopeȱandȱlocatedȱ7ȱfeetȱdownȱfromȱtheȱtopȱofȱ
theȱshearȱpin.ȱ
ȱ
ȱ Shouldȱ theȱ 1978ȱ landslideȱmassȱ reactivate,ȱ theȱ lowerȱ shearȱ pinȱwallȱ hasȱ beenȱ
designedȱ toȱ protectȱ theȱ buildingȱ envelopeȱ fromȱ adverseȱ slopeȱ stabilityȱ impacts.ȱ
Additionally,ȱitȱisȱourȱopinionȱthatȱthereȱwillȱbeȱaȱsufficientȱlateralȱimprovementȱinȱslopeȱ
stabilityȱbeyondȱtheȱupcoastȱ(west)ȱandȱdowncoastȱ(east)ȱedgesȱofȱtheȱshearȱpinȱwallȱtoȱ
shieldȱ theȱ subjectȱparcelȱ fromȱadverseȱ slopeȱ stabilityȱ impactsȱassociatedȱwithȱ suchȱanȱ
event.ȱ
ȱ
ȱ HorizontalȱDrainsȱ–ȱWeȱrecommendȱ thatȱhorizontalȱdrains,ȱwithȱcleanȬouts,ȱbeȱ
installedȱalongȱtheȱlowerȱshearȱpinȱwall.ȱȱTheȱdrainsȱshouldȱbeȱspacedȱapproximatelyȱ18ȱ
feetȱ apart,ȱbeȱ inclinedȱ 2Ȭdegreesȱupslope,ȱ andȱ extendȱ aȱminimumȱofȱ 100ȱ feetȱ intoȱ theȱ
slopeȱ inȱ roughlyȱ aȱ northȬsouthȱ direction,ȱ orȱ perpendicularȱ toȱ theȱ shearȱ pinȱ wall.ȱȱ
Cleanoutsȱshouldȱbeȱinstalledȱatȱtheȱcollarȱofȱeachȱdrain,ȱandȱeachȱdrainȱshouldȱfeedȱintoȱ
aȱ collectorȱ pipeȱ thatȱ dischargesȱ intoȱ aȱ collectionȱ basinȱ forȱ reuseȱ inȱ residentialȱ
landscaping,ȱorȱintoȱanȱappropriateȱstormȱdrainȱpipe.ȱ
ȱ
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5.0ȱ CONCLUSIONSȱREGARDINGȱGEOLOGICȱCONSTRAINTSȱANDȱ
ȱ GEOTECHNICALȱFEASIBILITYȱOFȱRESIDENTIALȱCONSTRUCTIONȱ
ȱ
Basedȱonȱourȱengineeringȱgeologicȱandȱgeotechnicalȱengineeringȱinvestigation,ȱitȱisȱourȱ
opinionȱthatȱtheȱnorthernȱportionȱofȱtheȱ50Ȭfootȱwideȱflagȱsubareaȱonȱtheȱflagȱlotȱparcelȱ
atȱ1925ȱElȱCaminoȱDeȱLȱLuzȱisȱsuitableȱforȱproposedȱresidentialȱdevelopmentȱprovidedȱ
thatȱtheȱrecommendationsȱofȱthisȱreportȱareȱ incorporatedȱ intoȱtheȱdesign,ȱconstruction,ȱ
andȱoperationȱofȱtheȱprojectȱduringȱitsȱ75Ȭyearȱeconomicȱlife.ȱȱTheȱproposedȱconceptualȱ
residentialȱreȬuseȱbuildingȱenvelope,ȱbetweenȱ(andȱwithin)ȱelevationsȱ+90ȱandȱ+130ȱfeetȱ
MLLW,ȱ atȱ 1925ȱ Elȱ Caminoȱ Deȱ Laȱ Luz,ȱ Santaȱ Barbara,ȱ Californiaȱ wouldȱ beȱ locatedȱ
upslopeȱ ofȱ theȱmajorityȱ ofȱ theȱ 1978ȱ landslideȱdebrisȱ andȱmostlyȱwithinȱ theȱ relativelyȱ
stableȱ bedrockȱmaterialsȱ alongȱ theȱ headscarpȱ ofȱ theȱ 1978ȱ landslide.ȱ ȱ Theȱ proposedȱ
residentialȱdevelopmentȱenvelopeȱ isȱ locatedȱaȱminimumȱofȱ150ȱfeetȱfromȱ(northȱof)ȱtheȱ
topȱofȱtheȱcoastalȱbluffȱonȱtheȱsubjectȱparcel,ȱandȱthusȱisȱandȱwillȱbeȱsetȱbackȱsufficientlyȱ
fromȱ itȱ duringȱ theȱ 75Ȭyearȱ economicȱ lifeȱ ofȱ theȱ developmentȱ inȱ orderȱ toȱ meetȱ allȱ
applicableȱadoptedȱsetbackȱstandards,ȱassureȱstabilityȱandȱstructuralȱintegrity,ȱminimizeȱ
risksȱ toȱ lifeȱ andȱ property,ȱ andȱ neitherȱ create,ȱ norȱ contributeȱ significantlyȱ to,ȱ erosion,ȱ
geologicȱ instability,ȱ orȱ destructionȱ ofȱ theȱ siteȱ orȱ surroundingȱ area.ȱ ȱ Theȱ proposedȱ
residentialȱstructureȱdoesȱnotȱrequireȱtheȱconstructionȱofȱprotectiveȱdevicesȱthatȱwouldȱ
substantiallyȱ alterȱ anyȱnaturalȱbluffȱorȱ cliffȱ landforms,ȱ andȱnoneȱ areȱproposedȱ inȱ thisȱ
reportȱorȱtheȱcoastalȱhazards/waveȱrunupȱreportȱbyȱGeoSoils,ȱInc.ȱforȱtheȱsubjectȱparcel.ȱ
ȱ
TheȱCity,ȱinȱorȱaboutȱAugustȬSeptember,ȱ1978,ȱgradedȱtheȱ1978ȱECDLLȱlandslideȱonȱtheȱ
subjectȱparcelȱbetweenȱelevationsȱ60ȱandȱ130ȱ feet,ȱduringȱwhichȱ itȱpartiallyȱburiedȱ theȱ
1978ȱ landslideȱ headscarpȱ withȱ aȱ shallowȱ layerȱ ofȱ artificialȱ fillȱ thatȱ constitutesȱ nonȬ
engineeredȱfillȱforȱfoundationȱdesignȱrecommendationȱpurposes.ȱȱWeȱinterpretȱtheȱ1978ȱ
ECDLLȱ landslideȱ toȱhaveȱbeenȱaȱ translationalȱrockslideȱ thatȱ failedȱalongȱaȱpreȬexistingȱ
(i.e.,ȱ preȬhistoricalȱ aerialȱ imagery)ȱ landslideȱ shearȱ surfaceȱ associatedȱ withȱ anȱ olderȱ
landslideȱ observedȱ inȱ theȱ historicalȱ aerialȱ photographs.ȱ ȱ Thereȱ isȱ noȱ evidenceȱ inȱ theȱ
subsurfaceȱorȱinȱtheȱaerialȱphotographsȱforȱanȱoldȱlandslideȱupslopeȱ(north)ȱofȱtheȱ1978ȱ
ECDLLȱlandslide.ȱȱFromȱaȱgeologicȱandȱgeotechnicalȱperspective,ȱitȱisȱourȱopinionȱthatȱaȱ
residentialȱstructureȱcanȱbeȱsafelyȱconstructedȱwithinȱtheȱproposedȱconceptualȱbuildingȱ
envelopeȱ onȱ theȱ property,ȱ providedȱ thatȱ theȱ recommendedȱ deepȱ foundationȱ andȱ
subgradeȱlandformȱstabilizationȱshearȱpins,ȱtiebacksȱandȱdrainsȱareȱincorporatedȱintoȱtheȱ
residentialȱreuseȱprojectȱplansȱforȱ1925ȱElȱCaminoȱDeȱLaȱLuz.ȱȱ
ȱ
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WeȱhaveȱgeneratedȱEngineeringȱGeologicȱCrossȱSectionȱAȬA’ȱthroughȱtheȱcentralȱportionȱ
ofȱ theȱ subjectȱ parcelȱ toȱ illustrateȱ ourȱ interpretationȱ ofȱ theȱ geologicȱ conditionsȱ andȱ
landslideȱgeometryȱbasedȱonȱtheȱresultsȱofȱourȱsurfaceȱandȱsubsurfaceȱexploration.ȱȱTheȱ
intentȱofȱ theȱ residentialȱ reȬuseȱbuildingȱplanȱwouldȱbeȱ toȱconstructȱ theȱ residence,ȱandȱ
appurtenantȱ structures,ȱ onȱ theȱ upperȱ 50Ȭfootȱwideȱ flagȱ portionȱ ofȱ theȱ flagȱ lotȱ parcel,ȱ
upslopeȱ fromȱmostȱofȱ theȱ1978ȱ landslideȱdebris,ȱandȱwithȱdeepȱ stabilizationȱ elementsȱ
[i.e.,ȱ shearȱpinsȱ (steelȱ reinforcedȱ concreteȱ caissons)ȱwithȱ tiebacksȱ forȱ theȱ lowerȱ rowȱofȱ
pins].ȱȱThisȱconstructionȱwouldȱlikelyȱincludeȱsomeȱminorȱtemporaryȱgradingȱ(estimatedȱ
atȱ approximatelyȱ 200ȱ cubicȱ yards)ȱ necessaryȱ forȱ pierȱ andȱ gradeȱ beamȱ footingsȱ andȱ
tiebackȱinstallation.ȱȱTheȱstabilityȱofȱtheȱhillsideȱupslopeȱfromȱtheȱstabilizationȱelementsȱ
wouldȱ beȱ improvedȱ toȱ theȱ industryȱ standardȱ staticȱ andȱ pseudoȬstaticȱ Safetyȱ Factors.ȱ
Drainageȱcontrolȱmeasures,ȱbothȱsurfaceȱandȱsubsurface,ȱwouldȱbeȱ implementedȱatȱtheȱ
parcel,ȱincludingȱthroughȱinterceptionȱofȱwaterȱforȱbeneficialȱonȬsiteȱreuse.ȱȱInȱaddition,ȱ
theȱ residentialȱ constructionȱ ofȱ theȱparcelȱ shouldȱprovideȱ slopeȱ stabilityȱ andȱdrainageȱ
benefitsȱ toȱ nearbyȱ residences,ȱ utilities,ȱ andȱ theȱ drivewayȱ upslopeȱ byȱ increasingȱ theȱ
factorȱofȱsafetyȱofȱtheȱupslopeȱareaȱtoȱminimumȱFSȱǃȱ1.5,ȱandȱbyȱpreventingȱuncontrolledȱ
surfaceȱ runoffȱ fromȱ adverselyȱ impactingȱ theȱ existingȱ landslide.ȱ Additionally,ȱ theȱ
horizontalȱdrainsȱshouldȱhelpȱreduceȱ theȱriskȱofȱgroundwaterȱriseȱ inȱ theȱupslopeȱarea.ȱȱ
Landformȱ stabilizationȱ andȱ residentialȱ reuseȱ canȱ occurȱ atȱ theȱ subjectȱ parcelȱ
independentlyȱfromȱadjacentȱparcelsȱwithinȱtheȱ1978ȱECDLLȱlandslide,ȱallȱofȱwhichȱareȱ
underȱseparateȱlegalȱownershipȱfromȱoneȱanother.ȱȱCSAȱdoesȱnotȱconsiderȱaȱseawallȱnorȱ
otherȱshorelineȱprotectiveȱstructuresȱtoȱbeȱnecessaryȱorȱrequiredȱforȱtheȱresidentialȱreȬuseȱ
ofȱ1925ȱElȱCaminoȱDeȱLaȱLuz,ȱandȱnoneȱareȱrecommended.ȱ
ȱ
5.1ȱ PotentialȱGeologicȱHazardsȱ
ȱ
Inȱourȱopinion,ȱtheȱpotentialȱprimaryȱengineeringȱgeologicȱandȱgeotechnicalȱconstraintsȱ
toȱresidentialȱreuseȱofȱtheȱparcelȱatȱ1925ȱECDLLȱare:ȱ1)ȱtheȱpotentialȱforȱfutureȱinstabilityȱ
inȱ theȱoxidizedȱMontereyȱFormationȱupslopeȱofȱ theȱ1978ȱ landslide;ȱ2)ȱ theȱpotentialȱ forȱ
reactivationȱofȱ theȱ1978ȱ landslideȱ inȱ theȱmiddle/southernȱportionȱofȱ theȱportionȱofȱ theȱ
parcel,ȱupslopeȱfromȱtheȱtopȱofȱcoastalȱbluff;ȱ3)ȱtheȱpotentialȱforȱtranslationalȱlandslidingȱ
incorporatingȱbothȱtheȱupslopeȱoxidizedȱbedrockȱandȱunoxidizedȱbedrockȱ inȱtheȱ lowerȱ
portionȱ ofȱ theȱ slope;ȱ 4)ȱ veryȱ strongȱ seismicȱ groundȱ shakingȱ associatedȱ withȱ anȱ
earthquakeȱ alongȱ oneȱ ofȱ severalȱ nearbyȱ activeȱ faults;ȱ andȱ 4)ȱ saturationȱ ofȱ expansiveȱ
earthȱmaterials.ȱ ȱAȱdetailedȱdiscussionȱ ofȱ theȱ geologicȱ hazardsȱ andȱ theirȱ potentialȱ toȱ
impactȱtheȱsiteȱfollows:ȱ
ȱ
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5.1.1ȱ Landslidingȱ ȬȱTheȱprimaryȱengineeringȱgeologicȱconstraintȱatȱ thisȱsiteȱ isȱ
theȱ ‘dipȱ slope’ȱ bedrockȱ condition,ȱ whichȱ providesȱ theȱ potentialȱ forȱ shallowȱ toȱ
moderatelyȱdeepȱlandslidingȱtoȱoccurȱinȱbedrockȱalongȱweakȱbeddingȱplanes.ȱȱThisȱdipȱ
slopeȱ conditionȱ resultsȱ inȱ theȱ northernȱ portionȱ ofȱ theȱ siteȱ havingȱ aȱ safetyȱ factor,ȱ atȱ
presentȱ(2012),ȱofȱlessȱthanȱ1.5.ȱȱItȱshouldȱbeȱnotedȱthatȱthisȱconditionȱextendsȱupslopeȱtoȱ
includeȱ theȱCity’sȱMesaȱTrunkȱLineȱ Sewer,ȱ theȱdriveway,ȱ andȱ likelyȱ otherȱ residentialȱ
propertiesȱ locatedȱ onȱ shallowȱ foundationsȱ alongȱ theȱheadscarpȱ ofȱ theȱ 1978ȱ landslide.ȱȱ
Forȱ residentialȱ developmentȱ ofȱ theȱ parcel,ȱ mechanical,ȱ drainageȱ and/orȱ gradingȱ
improvementsȱareȱrequiredȱtoȱachieveȱaȱSafetyȱFactorȱequalȱtoȱorȱgreaterȱthanȱ1.5.ȱȱTheseȱ
improvements,ȱwhileȱ necessaryȱ toȱ assureȱ aȱ stableȱ buildingȱ site,ȱwouldȱ alsoȱ provideȱ
substantialȱ stabilityȱ benefitsȱ forȱ theȱ adjacentȱ residentiallyȱ developedȱ upslopeȱ parcels,ȱ
utilities,ȱandȱinfrastructure.ȱȱForȱallȱofȱtheȱaboveȱreasonsȱandȱanalyses,ȱitȱisȱourȱopinionȱ
thatȱtheȱproposedȱdevelopmentȱconceptȱisȱconsistentȱwithȱtheȱrequirementsȱofȱtheȱStateȬ
certifiedȱCityȱLCP,ȱthatȱnewȱdevelopmentȱshallȱbothȱminimizeȱrisksȱtoȱlifeȱandȱpropertyȱ
inȱ areasȱ ofȱ highȱ geologic,ȱ flood,ȱ orȱ fireȱ hazard,ȱ andȱ assureȱ stabilityȱ andȱ structuralȱ
integrity,ȱandȱneitherȱcreateȱnorȱcontributeȱsignificantlyȱtoȱerosion,ȱgeologicȱ instability,ȱ
orȱdestructionȱofȱtheȱsiteȱorȱsurroundingȱareaȱorȱinȱanyȱwayȱrequireȱtheȱconstructionȱofȱ
protectiveȱ devicesȱ thatȱwouldȱ substantiallyȱ alterȱ naturalȱ landformsȱ alongȱ bluffsȱ andȱ
cliffs.ȱȱȱ

ȱ
Byȱimprovingȱtheȱdrainageȱconditionsȱandȱincreasingȱtheȱfactorȱofȱsafetyȱofȱtheȱhillsideȱ
atȱ theȱproposedȱ residentialȱdevelopment,ȱasȱwellȱasȱcontributingȱ toȱenhancedȱupslopeȱ
andȱdownslopeȱlandformȱstability,ȱrisksȱtoȱlifeȱandȱpropertyȱwouldȱbeȱreducedȱ(notȱonlyȱ
forȱthisȱpropertyȱbutȱadjacentȱpropertiesȱasȱwell),ȱstabilityȱandȱstructuralȱintegrityȱwouldȱ
beȱassured,ȱandȱ theȱproposedȱdevelopmentȱwouldȱ inȱnoȱwayȱ contributeȱ toȱerosionȱorȱ
geologicȱinstability.ȱȱTheȱplacementȱofȱtheȱresidentialȱstructureȱinȱtheȱnorthernȱportionȱofȱ
theȱ 50Ȭfootȱwideȱ parcelȱwouldȱ notȱ constituteȱ theȱ stabilizationȱ ofȱ aȱ naturalȱ landformȱ
alongȱaȱbluffȱsinceȱthisȱareaȱwasȱpreviouslyȱgradedȱbyȱtheȱCityȱinȱ1978ȱandȱinȱpartȱunderȱ
aȱ coastalȱ permitȱ issuedȱ byȱ theȱ Coastalȱ Commissionȱ inȱ 1984,ȱ andȱ theȱ coastalȱ bluffȱ isȱ
locatedȱoverȱ150ȱfeetȱdownslopeȱofȱtheȱproposedȱbuildingȱenvelope.ȱ
ȱ

5.1.2ȱȱ Reactivationȱofȱtheȱ1978ȱLandslideȱ–ȱReactivationȱofȱtheȱ1978ȱlandslideȱinȱ
someȱformȱisȱlikelyȱinȱtheȱfuture,ȱjustȱasȱtheȱ1978ȱECDLLȱlandslideȱwasȱaȱreactivationȱofȱ
aȱpreviousȱ landslideȱatȱthisȱ location.ȱ ȱHowever,ȱtheȱpresentȱ landslideȱdebrisȱassociatedȱ
withȱ theȱ 1978ȱ landslideȱ isȱ inȱ aȱ relativelyȱ lowȱ slopeȱ positionȱ relativeȱ toȱ theȱ landslideȱ
headscarp.ȱ ȱ Theȱ proposedȱ buildingȱ envelopeȱ onȱ theȱ subjectȱ parcelȱ isȱ locatedȱ largelyȱ
upslopeȱofȱthisȱ landslideȱdebrisȱandȱshouldȱnotȱbeȱ impactedȱshouldȱtheȱ1978ȱ landslideȱ
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debrisȱ reactivateȱ (inȱ contrastȱ toȱ theȱ 1978ȱ landslideȱ conditionȱ whereȱ theȱ residencesȱ
straddledȱ theȱ contactȱ betweenȱ intactȱ rockȱ andȱ landslideȱ debris).ȱ ȱ Additionally,ȱ
geotechnicalȱ recommendationsȱ forȱ residentialȱ improvementsȱ upslopeȱ ofȱ theȱ landslideȱ
debrisȱhaveȱbeenȱgeneratedȱassuming,ȱconservatively,ȱthatȱtheȱ1978ȱlandslideȱdebrisȱhasȱ
completelyȱ evacuatedȱ andȱ isȱ thusȱ incapableȱ ofȱ providingȱ anyȱmeasureȱ ofȱ buttressingȱ
stabilizationȱforȱtheȱupslopeȱareas.ȱȱItȱisȱourȱopinionȱthatȱthisȱisȱaȱconservativeȱapproachȱ
sinceȱtheȱ1978ȱlandslideȱdebrisȱhasȱmovedȱtoȱaȱmuchȱlowerȱslopeȱpositionȱontoȱaȱfailureȱ
planeȱ thatȱ isȱshallowerȱ thanȱ theȱ failureȱplaneȱatȱ theȱheadscarp,ȱandȱ thus,ȱshouldȱhaveȱ
lessȱdrivingȱforceȱnowȱthanȱtheȱlandslideȱhadȱbeforeȱtheȱ1978ȱmovement.ȱȱAdditionally,ȱ
theȱwesternȱupperȱportionȱofȱtheȱlandslideȱhasȱbeenȱstabilizedȱwithȱaȱkeyedȱandȱbenchedȱ
fillȱ andȱ ourȱ recommendationsȱ forȱ developmentȱ ofȱ theȱ upperȱ portionȱ ofȱ 1925ȱ ECDLLȱ
includeȱretainingȱanȱupperȱportionȱofȱtheȱ1978ȱlandslide,ȱimprovedȱsurfaceȱdrainageȱthatȱ
isȱ intendedȱ toȱ captureȱmostȱ ofȱ theȱ rainfallȱ andȱ runoffȱ inȱ theȱdevelopedȱ areaȱ andȱ theȱ
installationȱofȱhorizontalȱdrainsȱ toȱ interceptȱandȱ captureȱ subsurfaceȱdrainageȱnearȱ theȱ
upperȱ portionȱ ofȱ theȱ 1978ȱ landslide.ȱ ȱ Thus,ȱ itȱ isȱ ourȱ opinionȱ thatȱ theȱ 1978ȱ landslideȱ
debris,ȱwhileȱ likelyȱ toȱ experienceȱ slowȱ creepȱ inȱ theȱ future,ȱ isȱ lessȱ likelyȱ toȱ experienceȱ
largeȬscale,ȱ deepȬseatedȱ landslideȱmovementȱ similarȱ toȱ thatȱwhichȱ occurredȱ inȱ 1978.ȱȱ
Evenȱ ifȱ itȱwereȱ toȱmoveȱmoreȱ rapidly,ȱ itȱ shouldȱ notȱ adverselyȱ impactȱ theȱ proposedȱ
developmentȱatȱ1925ȱECDLL,ȱsinceȱweȱhaveȱmodeledȱtheȱsiteȱassumingȱthatȱthisȱmaterialȱ
hasȱalreadyȱcompletelyȱevacuated.ȱȱȱȱȱ

ȱ
5.1.3ȱ SeismicȱGroundȱ Shakingȱ –ȱ Theȱ proposedȱ residentialȱ developmentȱwillȱ

likelyȱexperienceȱstrongȱandȱpossiblyȱviolentȱseismicȱgroundȱshakingȱduringȱitsȱ75Ȭyearȱ
designȱlife,ȱwhichȱhasȱtheȱpotentialȱtoȱadverselyȱimpactȱresidentialȱstructuralȱintegrityȱasȱ
wellȱasȱtoȱinitiateȱlandslides.ȱȱProvidedȱthatȱtheȱstructureȱisȱdesignedȱtoȱcurrentȱbuildingȱ
codesȱandȱtheȱfoundationȱdesignȱrecommendationsȱofȱthisȱreportȱareȱ incorporatedȱ intoȱ
theȱ design,ȱ constructionȱ andȱ operation/maintenanceȱ ofȱ theȱ residence,ȱ seismicȱ groundȱ
shakingȱpresentsȱaȱlowȱriskȱtoȱtheȱproposedȱresidentialȱdevelopment.ȱ

ȱ
5.1.4 ExpansiveȱEarthȱMaterialsȱ–ȱPotentiallyȱexpansiveȱearthȱmaterials,ȱbothȱ

surficialȱ soilȱ andȱ bedrockȱ materials,ȱ couldȱ produceȱ adverseȱ impactsȱ toȱ residentialȱ
structuresȱnotȱdesignedȱtoȱresistȱforcesȱgeneratedȱbyȱexpansion.ȱȱExpansiveȱsurficialȱsoilȱ
materialsȱ canȱ experienceȱ volumeȱ increasesȱwithȱ anȱ increaseȱ inȱmoisture,ȱ andȱ volumeȱ
decreasesȱ asȱ moistureȱ conditionsȱ decrease,ȱ resultingȱ inȱ theȱ potentialȱ forȱ distressȱ toȱ
structuresȱbuiltȱonȱshallowȱfoundations.ȱ ȱExpansiveȱsurficialȱsoilȱmaterialsȱtypicallyȱareȱ
susceptibleȱ toȱ rapidȱ soilȱ creep,ȱ thatȱ canȱ transportȱ shallowlyȱ foundedȱ structuresȱ
downslopeȱ overȱ time.ȱ ȱ Inȱ addition,ȱ expansiveȱ bedrockȱ materialsȱ canȱ exertȱ upliftȱ
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pressuresȱ onȱ shallowlyȱ foundedȱpiers.ȱ ȱProvidedȱ theȱ foundationȱ recommendationsȱ ofȱ
thisȱreportȱareȱincorporatedȱintoȱtheȱdesign,ȱconstruction,ȱandȱoperation/maintenanceȱofȱ
theȱresidentialȱstructureȱandȱappurtenances,ȱexpansiveȱearthȱmaterialsȱpresentȱaȱlowȱriskȱ
toȱtheȱdevelopment.ȱ

ȱ
5.1.5ȱ Tsunami/WaveȱRunȬupȱHazardsȱ–ȱTheȱproposedȱdevelopmentȱenvelopeȱ

isȱ betweenȱ elevationsȱ 90ȱ feetȱ andȱ 130ȱ feet,ȱ andȱ thus,ȱ outsideȱ ofȱ theȱ anticipatedȱ
tsunami/waveȱ runȬupȱ inundationȱ zonesȱ duringȱ theȱ 75Ȭyearȱ economicȱ lifeȱ ofȱ theȱ
residence.ȱ ȱAȱmoreȱ thoroughȱ discussionȱ ofȱ theȱ tsunamiȱ andȱwaveȱ runȬupȱ hazardsȱ isȱ
presentedȱinȱtheȱGeosoils,ȱInc.ȱreportȱ(2012)ȱforȱthisȱparcel.ȱ
ȱ
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6.0ȱ GEOTECHNICALȱDESIGNȱRECOMMENDATIONS 
ȱ
6.1ȱ FoundationȱDesignȱConsiderationsȱ
ȱ
Theȱ principalȱ factorsȱ affectingȱ foundationȱ selectionȱ areȱ theȱ variableȱ thicknessȱ ofȱ
landslideȱ debrisȱ underlyingȱ theȱ downslopeȱ sideȱ ofȱ theȱ residentialȱ reuseȱ areaȱ onȱ theȱ
subjectȱ parcel,ȱ theȱ weakerȱ weatheredȱ bedrock,ȱ andȱ theȱ potentiallyȱ weakerȱ beddingȱ
planesȱ ofȱ bothȱ theȱ unweatheredȱ andȱ weatheredȱ bedrock.ȱ Weȱ haveȱ providedȱ
recommendationsȱ forȱ protectingȱ theȱ proposedȱ residentialȱ reuseȱ envelopeȱ (whichȱ isȱ
primarilyȱupslopeȱofȱtheȱ1978ȱlandslide)ȱwithȱtwoȱ(upperȱandȱlower)ȱrowsȱofȱshearȱpinsȱ
designedȱ toȱminimizeȱpotentialȱ landslideȱ impacts.ȱ ȱTheȱ lowerȱ rowȱ ofȱ shearȱ pinsȱwillȱ
includeȱoneȱrowȱofȱtiebacks,ȱwhereasȱtheȱupperȱrowȱwillȱnotȱneedȱtoȱbeȱequippedȱwithȱ
tiebacks.ȱȱTheȱupperȱshearȱpinȱrowȱisȱshownȱtoȱbeȱatȱapproximateȱelevationȱ113ȱfeet,ȱbutȱ
canȱbeȱmovedȱupwardȱorȱdownwardȱslightlyȱtoȱaccommodateȱtheȱresidenceȱfoundationȱ
layoutȱ (seeȱFiguresȱ7ȱandȱ8,ȱConceptualȱSlopeȱStabilizationȱPlanȱandȱConceptualȱSlopeȱ
StabilizationȱCrossȱSectionȱAȬA’,ȱrespectively).ȱȱInȱaddition,ȱupslopeȱofȱtheȱtiedȬbackȱrowȱ
ofȱ shearȱ pins,ȱ weȱ areȱ recommendingȱ aȱ drilled,ȱ castȬinȬplaceȱ pierȱ andȱ gradeȱ beamȱ
foundationȱsystemȱforȱtheȱproposedȱresidenceȱwithȱpiersȱextendingȱaȱsufficientȱdepthȱ(20ȱ
feet)ȱintoȱintactȱbedrock.ȱȱȱ
ȱ
6.2ȱ FoundationȱDesignȱCriteriaȱ
ȱ
ȱ 6.2.1ȱ CastȬinȬPlaceȱ Drilledȱ Piersȱ Ȭȱ Theȱ residenceȱ andȱ garageȱ shouldȱ beȱ
supportedȱonȱ reinforcedȱ concreteȱpiers.ȱ ȱTheȱdrilled,ȱ castȬinȬplaceȱpiersȱ shouldȱderiveȱ
verticalȱ supportȱ fromȱ adhesionȱ (skinȱ friction)ȱ inȱ competent,ȱ intactȱ bedrockȱ asȱ
determinedȱ inȱ theȱ fieldȱbyȱ theȱProjectȱEngineeringȱGeologist/GeotechnicalȱEngineerȱatȱ
theȱtimeȱofȱconstruction.ȱȱResidentialȱdesignȱmayȱutilizeȱtheȱupperȱshearȱpinsȱasȱpartȱofȱ
theȱ foundationȱ support,ȱ asȱ deemedȱ appropriateȱ byȱ theȱ Projectȱ Structuralȱ andȱ
GeotechnicalȱEngineers.ȱȱPiersȱshouldȱbeȱsizedȱaccordingȱtoȱtheȱfollowingȱcriteria:ȱ
ȱ
ȱ VerticalȱCapacityȱȬȱminimumȱthreeȱ(3)ȱpierȬdiameterȱspacingȱapartȱ
ȱ Minimumȱpierȱdiameterȱ ȱ ȱ ȱ ȱ ȱ 18ȱinchesȱ
ȱ Minimumȱpierȱpenetrationȱintoȱcompetentȱweatheredȱbedrockȱ 20ȱfeetȱȱ
ȱ ȱ ȱ
ȱ Allowableȱadhesionȱ(skinȱfriction),ȱforȱreinforcedȱconcreteȱdeadȱplusȱliveȱloads:ȱ
ȱ Inȱweatheredȱbedrockȱȱ ȱ ȱ ȱ ȱ ȱ 475ȱpsfȱ
ȱ
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ȱ Lateralȱ Passiveȱ Resistanceȱ Ȭȱ piersȱ [equivalentȱ fluidȱ pressureȱ appliedȱ overȱ anȱ
ȱ effectiveȱwidthȱofȱtwoȱ(2)ȱpierȱdiameters]ȱ
ȱ Belowȱ2ȱfeetȱinȱweatheredȱbedrockȱmaterialȱ ȱ ȱ ȱ 450ȱpcfȱȱ
     
The above adhesion value (skin friction) can be increased by 1/3 for seismic loading andȱ
shouldȱbeȱdecreasedȱbyȱ1/2ȱforȱuplift.ȱȱTheȱupperȱportionȱofȱtheȱpiersȱshouldȱbeȱformedȱ
toȱ createȱ verticalȱ surfaces,ȱ andȱ “mushrooming”ȱ ofȱ pierȱ topsȱ andȱ overȬpoursȱ aroundȱ
gradeȱbeamsȱshouldȱbeȱprevented.ȱ ȱDrilledȱpierȱholesȱshouldȱbeȱmachineȱcleanedȱofȱallȱ
looseȱ materialȱ priorȱ toȱ theȱ placementȱ ofȱ steelȱ andȱ concrete.ȱ ȱ Piersȱ shouldȱ beȱ steelȱ
reinforcedȱwithȱ aȱ cageȱ includingȱ aȱminimumȱ ofȱ 4,ȱNo.ȱ 5ȱ barsȱ verticalȱ (withȱ greaterȱ
reinforcementȱ asȱ requiredȱ byȱ theȱ Projectȱ Structuralȱ Engineer).ȱ ȱ Casingȱ couldȱ beȱ
necessaryȱtoȱpreventȱcaving,ȱespeciallyȱinȱsoilsȱorȱlandslideȱdebris.ȱ
ȱ
Waterȱmayȱ beȱ presentȱ inȱ theȱ pierȱ holes,ȱ consequently,ȱ priorȱ toȱ placingȱ concrete,ȱ theȱ
waterȱ shouldȱ beȱ pumpedȱ outȱ untilȱ theȱ pierȱ holesȱ areȱ dry,ȱ orȱ theȱ concreteȱ shouldȱ beȱ
pouredȱbyȱ tremieȱmethodsȱ toȱdisplaceȱ theȱwater.ȱ ȱAllȱpumpedȱwaterȱ and/orȱ concreteȱ
overspillȱ shouldȱbeȱcollectedȱ soȱasȱnotȱ toȱ runȱ freelyȱacrossȱ theȱgroundȱ surfaceȱandȱbeȱ
disposedȱofȱoffsiteȱandȱoutsideȱofȱtheȱcoastalȱzone.ȱȱAllȱpiersȱshouldȱbeȱconnectedȱatȱtheirȱ
topsȱbyȱaȱcontinuousȱstructuralȱslab/matȱthatȱinȱturnȱwillȱsupportȱtheȱstructure.ȱȱȱ
ȱ
ȱ 6.2.2ȱ ShearȱPinsȱ–ȱShearȱpinsȱshouldȱhaveȱaȱminimumȱdiameterȱofȱatȱ leastȱ30ȱ
inches,ȱandȱbeȱatȱleastȱ40ȱfeetȱlongȱ(deep).ȱȱInȱaddition,ȱtheȱshearȱpinsȱonȱtheȱlowerȱrowȱ
shouldȱ extendȱ aȱminimumȱ ofȱ 30ȱ feetȱ intoȱ unweatheredȱ bedrockȱ orȱ beneathȱ theȱ padȱ
subgradeȱ(whicheverȱisȱdeeper).ȱȱBothȱshearȱpinȱrowsȱ(upperȱandȱlower)ȱshouldȱconsistȱ
ofȱdrilled,ȱcastȬinȬplaceȱreinforcedȱconcreteȱpiersȱthatȱderiveȱpassiveȱresistanceȱtoȱlateralȱ
forcesȱ inȱ firmȱ bedrockȱmaterial,ȱ andȱ beȱ spacedȱ atȱmaximumȱ 6ȱ feetȱ onȬcenters.ȱ ȱOurȱ
analysisȱ indicatesȱ thatȱ theȱ shearȱ pinsȱ shouldȱ beȱ designedȱ toȱ provideȱ aȱ minimumȱ
landslideȱ resistantȱ shearȱ capacityȱofȱ40ȱkipsȱ (6.67ȱkips/ft)ȱappliedȱasȱaȱpointȱ loadȱatȱaȱ
depthȱ ofȱ 15ȱ feetȱbelowȱ topȱ ofȱ shearȱpinȱ forȱ theȱ lowerȱ rowȱ andȱ aȱminimumȱ landslideȱ
resistantȱ shearȱ capacityȱofȱ50ȱkipsȱ (8.33ȱkips/ft)ȱ20ȱ feetȱbelowȱ topȱofȱ shearȱpinȱ forȱ theȱ
upperȱrow,ȱorȱasȱaȱuniformȱloadȱofȱ444ȱpsfȱappliedȱoverȱaȱdepthȱofȱ15ȱfeetȱforȱtheȱlowerȱ
rowȱ andȱ 417ȱpsfȱ appliedȱoverȱ aȱdepthȱofȱ 20ȱ feetȱ forȱ theȱupperȱ rowȱ (analyzeȱ forȱbothȱ
typesȱofȱloadingȱseparately,ȱandȱuseȱtheȱmostȱcriticalȱcaseȱforȱdesignȱforȱeachȱrow).ȱȱȱ
ȱ
Theȱ lateralȱ loadsȱcanȱbeȱresistedȱbyȱpassiveȱpressureȱagainstȱ theȱsideȱofȱ theȱshearȱpinsȱ
usingȱtheȱLateralȱPassiveȱResistanceȱrecommendationȱprovidedȱinȱSectionȱ6.2.1,ȱCastȬinȬ
PlaceȱDrilledȱPiers,ȱinȱtheȱprecedingȱrecommendations,ȱandȱtiebacksȱasȱdescribedȱinȱtheȱ
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followingȱrecommendations.ȱȱAȱtrafficȱsurchargeȱofȱ250ȱpsfȱuniformȱpressureȱshouldȱbeȱ
includedȱ andȱ appliedȱ againstȱ theȱ topȱ 10ȱ feetȱ ofȱ theȱ piersȱ andȱ shearȱ pinsȱwhereȱ theȱ
driveway/garageȱisȱwithinȱaȱ1:1ȱprojectedȱlineȱupȱfromȱaȱdepthȱofȱ10ȱfeet.ȱȱShearȱpinsȱcanȱ
beȱconstructedȱusingȱeitherȱwideȱflangeȱsteelȱbeamsȱorȱreinforcingȱbarsȱ(minimumȱofȱ9,ȱ
No.ȱ9ȱevenlyȱspacedȱverticalȱbarsȱencasedȱbyȱNo.ȱ3ȱspiralȱwithȱaȱ3Ȭinchȱpitchȱorȱgreaterȱ
reinforcementȱasȱrequiredȱbyȱtheȱProjectȱStructuralȱEngineer).ȱȱȱ
ȱ
ȱ 6.2.3ȱ Tiebacksȱ–ȱOurȱanalysisȱindicatesȱthatȱtheȱlowerȱshearȱpinȱrowȱshouldȱbeȱ
equippedȱwithȱ atȱ leastȱ oneȱ rowȱ ofȱ tiebacksȱ locatedȱ 7ȱ feetȱ belowȱ theȱ existingȱ groundȱ
surfaceȱandȱhaveȱaȱdesignȱcapacityȱofȱ100ȱkips,ȱandȱbeȱ testedȱ toȱ1.33ȱ timesȱ theȱdesignȱ
load.ȱȱTheȱtiebacksȱshouldȱbeȱdeclinedȱ20ȱdegreesȱupslopeȱandȱintoȱtheȱhillside,ȱhaveȱanȱ
unbondedȱ lengthȱofȱroughlyȱ35ȱfeetȱandȱhaveȱaȱminimumȱbondedȱ lengthȱofȱ30ȱfeetȱ(orȱ
greaterȱasȱdeterminedȱbyȱ theȱ tiebackȱcontractorȱ inȱorderȱ toȱachieveȱdesignȱandȱ testingȱ
capacities)ȱ inȱ theȱunweatheredȱ bedrock,ȱ andȱ shouldȱnotȱ extendȱ beyondȱ theȱ eastȬwestȱ
propertyȱlineȱofȱ1925ȱElȱCaminoȱDeȱLaȱLuzȱwithȱ1927ȱElȱCaminoȱDeȱLaȱLuzȱwhichȱisȱ117ȱ
feetȱlandwardȱofȱtheȱlowerȱshearȱpins.ȱȱTheȱtiebacksȱshouldȱbeȱstructurallyȱconnectedȱtoȱ
theȱshearȱpinsȱandȱbeȱdoubleȱcorrosionȱprotected.ȱ ȱTheȱdesignȱadhesionȱ inȱ theȱbondedȱ
zoneȱshouldȱbeȱdeterminedȱbyȱtheȱtiebackȱcontractor.ȱȱȱȱ
ȱ
6.3ȱ MatȱFloorȱFoundationȱ
ȱ
Forȱ aȱmatȱ foundation,ȱ theȱ subgradeȱ shouldȱ beȱpreparedȱ asȱ recommendedȱunderȱ Siteȱ
Gradingȱ (Sectionȱ6.4).ȱ ȱ ȱTheȱmatȱshouldȱbeȱatȱ leastȱ12ȱ inchesȱ thickȱandȱreinforcedȱwithȱ
minimumȱNo.ȱ4ȱsteelȱreinforcingȱbarsȱatȱmaximumȱ16ȱinchesȱonȱcenter,ȱbothȱways,ȱandȱ
crackȱcontrolȱjointsȱshouldȱbeȱprovidedȱatȱmaximumȱ12Ȭfootȱintervals,ȱbothȱways.ȱȱSteelȱ
reinforcementȱmayȱbeȱincreasedȱandȱexpansionȱ jointsȱmayȱbeȱaddedȱasȱrequiredȱbyȱtheȱ
ProjectȱCivilȱorȱStructuralȱEngineer.ȱ
ȱ
6.4ȱ SiteȱGradingȱ
ȱ
Basedȱ onȱ ourȱ fieldȱ investigation,ȱ shallowȱ gradingȱ excavationsȱ shouldȱ beȱwithinȱ theȱ
capabilitiesȱofȱheavyȬdutyȱexcavationȱequipmentȱ(i.e.,ȱexcavators,ȱdozers,ȱandȱlargeȱdrillȱ
rigs);ȱ however,ȱ deeperȱ excavationsȱ mayȱ requireȱ “ripping”ȱ and/orȱ aȱ “hoeȬram”ȱ toȱ
excavate.ȱ ȱ Itȱ shouldȱ beȱ notedȱ thatȱ weȱ encounteredȱ highȱ blowȱ countsȱ inȱ ourȱ smallȬ
diameterȱboringsȱ andȱveryȱdifficultȱdrillingȱ conditionsȱ inȱ theȱ largeȬdiameterȱboreholeȱ
explorationȱinȱtheȱunweatheredȱbedrockȱmaterial.ȱȱȱ
ȱ
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ȱ 6.4.1ȱ Siteȱ Preparationȱ ȬȱAllȱ looseȱmaterial,ȱ vegetation,ȱ concrete,ȱ largeȱ rocks,ȱ
debris,ȱandȱotherȱdeleteriousȱmaterial,ȱwithoutȱ limit,ȱshouldȱbeȱstrippedȱandȱ removedȱ
fromȱtheȱdevelopmentȱenvelopeȱonȱtheȱparcel,ȱforȱdisposalȱoffsiteȱandȱoutsideȱtheȱcoastalȱ
zoneȱpursuantȱtoȱapplicableȱentitlementȱorȱlicense.ȱȱInȱareasȱonȱtheȱparcelȱtoȱbeȱfilled,ȱtheȱ
exposedȱsurfaceȱshouldȱbeȱscarifiedȱtoȱatȱleastȱanȱ8Ȭinchȱdepth,ȱmoistureȱconditionedȱtoȱ
atȱ leastȱ optimumȱ moistureȱ contentȱ andȱ compactedȱ toȱ atȱ leastȱ 90ȱ percentȱ relativeȱ
compactionȱbasedȱonȱASTMȱDȬ1557Ȭ12.ȱȱTheȱsubgradeȱbeneathȱallȱfillsȱshouldȱbeȱkeyedȱ
andȱbenchedȱasȱtheȱfillȱisȱplacedȱandȱbroughtȱupslope.ȱ
ȱ
ȱ 6.4.2ȱ CompactedȱFillȱ–ȱExcavatedȱonȬsiteȱmaterialȱcanȱbeȱreȬusedȱasȱcompactedȱ
fillȱ providedȱ itȱ isȱ freeȱ ofȱ organicȱmatterȱ andȱmaterialȱ (rocks)ȱ largerȱ thanȱ 4ȱ inchesȱ inȱ
diameter.ȱȱImportedȱfillȱshouldȱbeȱfreeȱofȱorganicȱmaterialȱandȱbeȱcertifiedȱweedȱfree;ȱitȱ
shouldȱcontainȱnoȱmaterialȱlargerȱthanȱ4ȱinchesȱandȱshouldȱhaveȱaȱplasticityȱindexȱ(P.I.)ȱ
ofȱ lessȱ thanȱ16.ȱ ȱTheȱ fillȱ shouldȱbeȱplacedȱ inȱhorizontalȱ liftsȱnotȱexceedingȱ8ȱ inchesȱ inȱ
looseȱ thickness,ȱ moistureȱ conditionedȱ toȱ atȱ leastȱ optimumȱ moistureȱ content,ȱ andȱ
compactedȱ toȱ atȱ leastȱ 95ȱ percentȱ relativeȱ compactionȱ beneathȱ structures,ȱ slabsȱ andȱ
withinȱ 18ȱ inchesȱ ofȱ theȱ aggregateȱ baserockȱ forȱ pavements,ȱ andȱ 90ȱ percentȱ relativeȱ
compactionȱelsewhereȱbasedȱonȱASTMȱDȬ1557Ȭ12.ȱȱ
ȱ
ȱ 6.4.3ȱ Utilityȱ Trenchȱ Backfillȱ Ȭȱ Utilityȱ trenchesȱ shouldȱ beȱ backfilledȱ withȱ
approved,ȱ onȬsiteȱ soil.ȱ ȱ Beddingȱmaterialsȱ forȱ pipesȱ shouldȱ beȱ gradedȱ andȱ placedȱ inȱ
accordanceȱ withȱ theȱ manufacturerȇsȱ recommendations.ȱ ȱ Theȱ backfillȱ shouldȱ beȱ
compactedȱtoȱatȱleastȱ90ȱpercentȱrelativeȱcompactionȱbasedȱonȱbasedȱonȱASTMȱDȬ1557Ȭ
12.ȱȱEquipmentȱandȱmethodsȱshouldȱbeȱusedȱthatȱareȱsuitableȱforȱworkȱinȱconfinedȱareasȱ
withoutȱdamagingȱtrenchȱwallsȱorȱconduits.ȱȱȱ
ȱ
ȱ 6.4.4ȱ CutȱSlopeȱDesignȱ–ȱDuringȱtheȱdryȱseason,ȱtemporaryȱcutȱslopesȱofȱ1.5:1ȱ
(H:V)ȱ inȱ soilsȱ andȱ 1:1(H:V)ȱ inȱ bedrockȱ shouldȱ beȱ satisfactoryȱ providedȱ thatȱ theyȱ areȱ
inspectedȱ andȱ approvedȱ byȱ ourȱ fieldȱ representativeȱ atȱ theȱ timeȱ ofȱ constructionȱ andȱ
monitoredȱdailyȱduringȱconstruction.ȱ ȱHowever,ȱdueȱ toȱ theȱdipȱ slopeȱbeddingȱplanes,ȱ
someȱ cutsȱ mayȱ notȱ beȱ stable,ȱ andȱ mayȱ requireȱ shoringȱ regardlessȱ ofȱ inclination.ȱ
Excavationȱmethods,ȱshoring,ȱbracingȱandȱsafetyȱofȱexcavationsȱareȱtheȱresponsibilityȱofȱ
theȱcontractor.ȱ ȱAllȱexcavationsȱshouldȱcomplyȱwithȱapplicableȱ local,ȱStateȱandȱFederalȱ
safetyȱregulations.ȱ
ȱ
ȱ6.5ȱ RetainingȱWallȱDesignsȱ
ȱ
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Theȱfollowingȱsectionȱprovidesȱourȱrecommendationsȱforȱdesignȱofȱsiteȱretainingȱwalls.ȱȱ
ȱ
ȱ 6.5.1ȱ RetainingȱWallsȱ–ȱRetainingȱwallsȱshouldȱbeȱsupportedȱonȱdrilled,ȱcastȬ
inȬplaceȱpiersȱandȱdesignedȱaccordingȱtoȱtheȱFoundationȱDesignȱCriteriaȱ(Sectionȱ6.2.1)ȱ
providedȱabove.ȱȱTheȱretainingȱwallsȱthatȱareȱfreeȱtoȱrotateȱshouldȱbeȱdesignedȱtoȱresistȱ
anȱ activeȱ lateralȱ equivalentȱ fluidȱ pressureȱ ofȱ 50ȱ poundsȱ perȱ cubicȱ footȱ (pcf)ȱ forȱ theȱ
existingȱslopeȱinclinationȱ(weȱshouldȱbeȱcontactedȱinȱtheȱeventȱthatȱbackfillȱinclinationsȱ
willȱexceedȱtheȱexistingȱ2.25:1ȱslope).ȱȱTheȱaboveȱactiveȱlateralȱfluidȱpressuresȱshouldȱbeȱ
increasedȱ byȱ 50%ȱ forȱwallsȱ thatȱ areȱ restrainedȱ fromȱ rotationȱ (residentialȱwalls).ȱ ȱ Theȱ
lateralȱloadsȱonȱtheȱretainingȱwallȱcanȱbeȱresistedȱbyȱpassiveȱpressureȱagainstȱtheȱsidesȱofȱ
theȱpiersȱusingȱtheȱlateralȱpassiveȱresistanceȱprovidedȱbothȱinȱfoundationȱdesignȱcriteria,ȱ
above.ȱȱForȱseismicȱloading,ȱaȱdynamicȱresultantȱforceȱactingȱatȱ1/3Hȱupȱfromȱtheȱbottomȱ
ofȱtheȱwallȱandȱequalȱtoȱanȱequivalentȱfluidȱpressureȱofȱ16ȱpcfȱshouldȱbeȱappliedȱtoȱallȱ
residentialȱretainingȱwallsȱgreaterȱthanȱ5ȱfeetȱinȱheightȱandȱanyȱsiteȱwallsȱlocatedȱwithinȱ
aȱhorizontalȱdistanceȱtoȱtheȱresidenceȱofȱtheȱwallȱheightȱorȱless.ȱ
ȱ
ȱ 6.5.2ȱ BackdrainȱȬȱBackdrainsȱshouldȱbeȱconstructedȱbehindȱallȱretainingȱwalls.ȱȱ
Theȱbackdrainȱshouldȱconsistȱofȱaȱminimumȱ12Ȭinchȱwideȱcontinuousȱblanketȱofȱeitherȱ
Caltransȱ Classȱ 2ȱ PermeableȱMaterialȱ orȱ 3/4Ȭinchȱ xȱ 1/2Ȭinchȱ cleanȱ crushedȱ drainrockȱ
enclosedȱinȱMirafiȱ140Nȱ(orȱapprovedȱequivalent)ȱfilterȱfabric,ȱandȱextendedȱtoȱwithinȱ1ȱ
toȱ1Ȭ1/2ȱfeetȱofȱtheȱgroundȱsurfaceȱwhereȱanȱimperviousȱfillȱand/orȱasphalticȱconcreteȱcapȱ
shouldȱbeȱplaced.ȱȱAȱminimumȱ4ȬinchȱdiameterȱPVCȱScheduleȱ40ȱperforatedȱdrainȱpipeȱ
shouldȱbeȱplacedȱnearȱtheȱbottomȱofȱtheȱdrainrockȱ(perforationsȱdown),ȱsurroundedȱbyȱaȱ
minimumȱofȱ 4ȱ inchesȱofȱdrainrockȱwithȱ atȱ leastȱ 2ȱ inchesȱofȱdrainrockȱunderlyingȱ theȱ
pipe.ȱȱAllȱbackdrainȱpipesȱshouldȱbeȱslopedȱtoȱdrainȱatȱaȱminimumȱofȱ1/2ȱpercentȱandȱbeȱ
collectedȱinȱ4Ȭinchȱdiameter,ȱnonȬperforatedȱScheduleȱ40ȱPVCȱpipesȱwhichȱareȱslopedȱaȱ
minimumȱofȱ2ȱpercentȱandȱdischargedȱawayȱ fromȱ theȱ landslideȱandȱ inȱaȱsuitableȱareaȱ
whichȱwon’tȱresultȱinȱerosion.ȱ
ȱ
6.6ȱ SlabsȬonȬGradeȱandȱConcreteȱFlatworkȱ
ȱ
SlabsȬonȬgradeȱandȱconcreteȱflatworkȱsubgradesȱshouldȱbeȱpreparedȱasȱrecommendedȱinȱ
Siteȱ Grading,ȱ above.ȱ ȱ SlabȬonȬgradeȱ floors,ȱ includingȱ theȱ garage,ȱ shouldȱ beȱ directlyȱ
underlainȱbyȱatȱleastȱ6ȱinchesȱofȱclean,ȱcrushedȱdrainȱrockȱ(100ȱpercentȱpassingȱtheȱ3/4Ȭ
inchȱsieve;ȱ0Ȭ2ȱpercentȱpassingȱtheȱNo.ȱ4ȱsieve,ȱandȱ0ȱpercentȱpassingȱtheȱNo.ȱ200ȱsieve)ȱ
exceptȱ inȱareasȱofȱ theȱbottomȱ floorȱ subdrainȱwhichȱ shouldȱhaveȱaȱ thickerȱ sectionȱ (Seeȱ
Drainageȱsectionȱbelowȱforȱmatȱsubdrainȱdesign).ȱȱForȱdampȬproofingȱofȱtheȱslab,ȱaȱlayerȱ
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ofȱ Moistopȱ Underslabȱ Vaporȱ Retarderȱ orȱ Stegowrapȱ shouldȱ beȱ providedȱ overȱ theȱ
capillaryȱbreakȱ(gravelȱorȱcrushedȱrock).ȱȱȱ
ȱ

Concreteȱ flatworkȱ (sidewalks,ȱpatios,ȱetc.)ȱshouldȱbeȱ supportedȱonȱatȱ leastȱ6ȱ inchesȱofȱ
moist,ȱ compactedȱ Caltransȱ Classȱ 2ȱ Aggregateȱ Baseȱ rockȱ material.ȱ ȱ Theȱ 6ȱ inchesȱ ofȱ
compactedȱbaseȱ rockȱmaterialȱ should,ȱ inȱ turn,ȱbeȱunderlainȱbyȱ compactedȱ fillȱorȱ firmȱ
naturalȱmaterial.ȱ
ȱ
Slabsȱandȱ flatworkȱ shouldȱbeȱ steelȱ reinforcedȱwithȱatȱ leastȱNo.ȱ4ȱbarsȱatȱ18ȱ inchesȱonȱ
centersȱ eachȱ wayȱ (orȱ greaterȱ reinforcementȱ asȱ determinedȱ byȱ theȱ Projectȱ Structuralȱ
Engineer),ȱandȱprovidedȱwithȱcrackȱcontrolȱ jointsȱatȱmaximumȱ10ȱfeetȱonȱcenters,ȱbothȱ
ways.ȱ
ȱ
6.7ȱ Drainageȱȱ
ȱ
Becauseȱ ofȱ theȱ detrimentalȱ influenceȱ ofȱ waterȱ asȱ itȱ interactsȱ withȱ soil,ȱ bedrock,ȱ
foundations,ȱpavements,ȱ andȱ cutȱ andȱ fillȱ slopes,ȱ itȱ isȱ importantȱ thatȱ surfaceȱwaterȱbeȱ
controlled.ȱȱGradesȱshouldȱbeȱslopedȱtoȱdrainȱatȱaȱminimumȱofȱ2ȱpercentȱforȱaȱdistanceȱofȱ
atȱ leastȱ 10ȱ feetȱ outȱ fromȱ structuresȱ withȱ runoffȱ directedȱ intoȱ anȱ appropriateȱ catchȱ
basin/stormȱ drainȱ system.ȱ Allȱ roofȱ runoffȱ shouldȱ beȱ collectedȱ inȱ guttersȱ withȱ
downspoutsȱtiedȱintoȱtightlineȱpipesȱ(Scheduleȱ40ȱPVC)ȱthatȱalsoȱdischargeȱintoȱaȱcatchȱ
basin/stormȱdrain.ȱȱTheȱcatchȱbasin/stormȱdrainȱshouldȱdischargeȱintoȱtheȱpropertyȱandȱ
Cityȱstormȱdrainageȱsystem.ȱ
ȱ
Whereȱconcreteȱcurbsȱareȱusedȱtoȱisolateȱlandscapingȱinȱorȱadjacentȱtoȱpavementȱareas,ȱ
weȱrecommendȱthatȱtheȱcurbȱextendȱaȱminimumȱofȱ8ȱinchesȱintoȱlowȱpermeableȱmaterialȱ
belowȱtheȱbaserockȱtoȱprovideȱaȱbarrierȱagainstȱtheȱmigrationȱofȱlandscapeȱwaterȱintoȱtheȱ
pavementȱsection.ȱ

ȱ
6.7.1ȱ SubȬFloorȱMat/SlabȱSubdrainsȱ–ȱTheȱmat/slabȬonȬgradeȱfloorȱshouldȱbeȱ

underlainȱ byȱ aȱminimumȱ 6Ȭinchȱ thickȱ blanketȱ ofȱ clean,ȱ freeȬdrainingȱ crushedȱ rockȱ orȱ
gravelȱasȱspecifiedȱinȱSlabȬonȬGradeȱandȱConcreteȱFlatworkȱsections,ȱabove.ȱȱTheȱblanketȱ
subgradeȱ shouldȱ beȱ cutȱ toȱ drainȱ (hydraulicallyȱ connected)ȱ toȱ oneȱ ofȱ theȱ subȬfloorȱ
subdrainsȱwhichȱshouldȱbeȱspacedȱatȱminimumȱ30Ȭfootȱintervalsȱandȱextendȱacrossȱtheȱ
entireȱslab.ȱȱTheȱsubȬfloorȱslabȱsubdrainsȱshouldȱconsistȱofȱaȱ4Ȭinchȱdiameterȱperforatedȱ
Scheduleȱ40ȱPVCȱpipeȱslopedȱaȱminimumȱofȱ1/2ȱpercentȱandȱplacedȱ inȱaȱminimumȱ12Ȭ
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inchȱwide,ȱ6Ȭȱtoȱ18Ȭinchȱdeepȱorȱdeeperȱ(dependingȱonȱtheȱdimensionsȱofȱtheȱsubȬfloor)ȱ
trenchȱfilledȱwithȱcrushedȱrockȱorȱgravelȱandȱaȱsheetȱofȱfilterȱfabricȱseparatingȱtheȱgravelȱ
fromȱtheȱblanketȱsubgrade.ȱ ȱThereȱshouldȱbeȱ2ȱinchesȱofȱdrainrockȱinȱtheȱbottomȱofȱtheȱ
trench,ȱbelowȱtheȱpipe.ȱȱTheȱsubdrainȱpipesȱshouldȱbeȱcollectedȱinȱ4Ȭinchȱdiameter,ȱnonȬ
perforatedȱScheduleȱ40ȱPVCȱpipesȱslopedȱaȱminimumȱofȱ2ȱpercentȱandȱdischargedȱeitherȱ
directlyȱ intoȱ theȱ stormȱ drainȱ systemȱ byȱ gravityȱ outlet,ȱ orȱ drainedȱ intoȱ aȱ sump(s)ȱ
equippedȱwithȱaȱpump(s)ȱwhichȱinȱturnȱflowȱintoȱtheȱpropertyȱstormȱdrainageȱsystem.ȱȱ
Theȱretainingȱwallȱbackdrainsȱshouldȱalsoȱbeȱcollectedȱandȱdrainedȱinȱaȱsimilarȱmannerȱ
asȱtheȱsubȬfloorȱslabȱsubdrain,ȱorȱcombined,ȱifȱpreferred.ȱȱCleanȬoutsȱshouldȱbeȱprovidedȱ
atȱbothȱendsȱofȱeachȱtheȱsubȬfloorȱslabȱsubdrain.ȱȱSurfaceȱwaterȱshouldȱnotȱbeȱdischargedȱ
intoȱsubdrainȱpipes.ȱ
ȱ
6.8ȱ SeismicȱDesignȱ
ȱ
Aȱpeakȱgroundȱaccelerationȱofȱ0.44ȱgȱshouldȱbeȱanticipatedȱforȱdesignȱpurposes.ȱȱȱ
ȱ
Basedȱonȱourȱgeotechnicalȱ investigation,ȱ theȱsiteȱ locationȱandȱourȱ interpretationȱofȱ theȱ
2007ȱCBCȱdocumentsȱrelatedȱtoȱEarthquakeȱLoadsȱ(CBCȱSectionȱ1613),ȱweȱareȱprovidingȱ
theȱfollowingȱparameterȱrecommendationsȱfromȱtheȱcorrespondingȱfiguresȱandȱtables:ȱ
ȱ
ȱ

Parameterȱ ReferencedȱTable/Figure/Eqn.ȱ Valueȱ

SiteȱClassificationȱ 1613.5.2ȱ Cȱ
MappedȱSpectralȱAcc.ȱ0.2ȱSec.ȱ(g)ȱ 1613.5(3)ȱ Ssȱ=ȱ1.890ȱ
MappedȱSpectralȱAcc.ȱ1ȱSec.ȱ(g)ȱ 1613.5(4)ȱ S1ȱ=ȱ0.711ȱ

Faȱ–ȱSiteȱCoefficientȱ 1613.5.3(1)ȱ 1.0ȱ
Fvȱ–ȱSiteȱCoefficientȱ 1613.5.3(2)ȱ 1.3ȱ

SeismicȱDesignȱCategoryȱ 1613.5.6ȱ Dȱ
SMSȱ=ȱFaSsȱ 16Ȭ37ȱ 1.890ȱ
SM1ȱ=ȱFvS1ȱ 16Ȭ38ȱ 0.924ȱ
SDS=2/3ȱSMSȱ 16Ȭ39ȱ 1.260ȱ
SD1=2/3ȱSM1ȱ 16Ȭ40ȱ 0.616ȱ

ȱ
 
ȱ
ȱ
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6.9ȱ HorizontalȱDrainsȱ
ȱ
Weȱ recommendȱ horizontalȱ drainsȱ beȱ installedȱ alongȱ theȱ lowerȱ shearȱ pinȱwall.ȱ ȱ Theȱ
drainsȱshouldȱbeȱspacedȱapproximatelyȱ18ȱfeetȱapartȱtoȱavoidȱtheȱupperȱshearȱpinȱwall,ȱ
beȱinclinedȱ2Ȭdegreesȱupwardȱupslope,ȱandȱextendȱaȱminimumȱofȱ100ȱfeetȱintoȱtheȱslope.ȱ
Theȱdrainȱoutletsȱshouldȱbeȱconnectedȱtoȱtightlineȱcollectorȱpipesȱandȱdischargeȱintoȱtheȱ
newlyȱ establishedȱ stormȱdrainȱ systemȱdesignedȱ toȱ captureȱ theȱ residentialȱ runoff.ȱTheȱ
horizontalȱdrainsȱshouldȱbeȱequippedȱwithȱcleanoutȱaccessȱports,ȱandȱtheȱdrainsȱshouldȱ
beȱ periodicallyȱ flushedȱ andȱ inspectedȱ atȱ aȱ maximumȱ ofȱ 5Ȭyearȱ intervals.ȱ
ȱ
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7.0ȱ INVESTIGATIONȱLIMITATIONS 
ȱ
Ourȱservicesȱconsistȱofȱprofessionalȱopinionsȱandȱrecommendationsȱmadeȱinȱaccordanceȱ
withȱ generallyȱ acceptedȱ engineeringȱ geologyȱ andȱ geotechnicalȱ engineeringȱ principlesȱ
andȱpractices.ȱȱNoȱwarranty,ȱexpressedȱorȱimplied,ȱorȱmerchantabilityȱofȱfitness,ȱisȱmadeȱ
orȱ intendedȱ inȱ connectionȱ withȱ ourȱ work,ȱ byȱ theȱ proposalȱ forȱ consultingȱ orȱ otherȱ
services,ȱorȱbyȱtheȱfurnishingȱofȱoralȱorȱwrittenȱreportsȱorȱfindings.ȱ
ȱ
Anyȱ recommendationsȱ and/orȱ designȱ criteriaȱ presentedȱ inȱ thisȱ reportȱ areȱ contingentȱ
uponȱ ourȱ firmȱ beingȱ retainedȱ toȱ reviewȱ theȱ finalȱ drawingsȱ andȱ specifications,ȱ toȱ beȱ
consultedȱwhenȱ anyȱ questionsȱ ariseȱwithȱ regardȱ toȱ theȱ recommendationsȱ containedȱ
herein,ȱandȱ toȱprovideȱ testingȱandȱ inspectionȱ servicesȱ forȱearthworkȱandȱ constructionȱ
operations.ȱ ȱ Unanticipatedȱ soilȱ andȱ geologicȱ conditionsȱ areȱ commonlyȱ encounteredȱ
duringȱ constructionȱ andȱ cannotȱ beȱ fullyȱ determinedȱ fromȱ existingȱ exposuresȱ orȱ byȱ
limitedȱsubsurfaceȱ investigation.ȱ ȱSuchȱconditionsȱmayȱrequireȱadditionalȱexpendituresȱ
duringȱconstructionȱtoȱobtainȱaȱproperlyȱconstructedȱproject.ȱȱSomeȱcontingencyȱfundȱisȱ
recommendedȱtoȱaccommodateȱtheseȱpossibleȱextraȱcosts.ȱ
ȱ
Thisȱreportȱisȱissuedȱwithȱtheȱunderstandingȱthatȱitȱisȱtheȱresponsibilityȱofȱtheȱowner,ȱorȱ
ofȱ hisȱ representative,ȱ toȱ ensureȱ thatȱ theȱ informationȱ andȱ recommendationsȱ containedȱ
hereinȱareȱcalledȱtoȱtheȱattentionȱofȱtheȱprojectȱengineerȱandȱincorporatedȱintoȱtheȱplans.ȱȱ
Furthermore,ȱitȱisȱalsoȱtheȱresponsibilityȱofȱtheȱowner,ȱorȱofȱhisȱrepresentative,ȱtoȱensureȱ
thatȱtheȱcontractorȱandȱsubcontractorsȱcarryȱoutȱsuchȱrecommendationsȱinȱtheȱfield.ȱ
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8.2 Vertical Aerial Photographs (Stereo-pairs) 
 
 Date   Source    Flight No.        Scale 
 
             1929                Fairchild Collection           C-430-A-13, 14     1”=2,000’ 
             1938                Fairchild Collection                 C-4950     1”=2,000’ 
             1950                Fairchild Collection                C-14500     1”=600’ 
             1962                U.C. Santa Barbara   HA-01-80, 81     1”=1,000’ 
             1975                U.C. Santa Barbara           HB-XQ-240, 241               1”=1,000’ 
 1978     USDA    06083-178-7, 8     1”=1,000’ 
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             1983                Pacific Western   PW-SB-5-2, 3     1”=2,000’ 
             1995                Pacific Western          PW-55010-25, 26     1”=1,000’ 
             2005    Pacific Western         1”=1,000’ 
 
 
 
8.3 Oblique Aerial Photographs (Single-frame) 
 
 Date   Source       
 
         1972 California Department of Navigation and Ocean Development 
 1972 Coastal Records Project, California Coastline.org 
           1978  Weaver (1978) 
 1978 Coastal Records Project, California Coastline.org 
 1979 Coastal Records Project, California Coastline.org 
           1987    Coastal Records Project, California Coastline.org 
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APPENDIX A 
 

FIELD INVESTIGATION 
 

SurveyingȱandȱGeologicȱMappingȱ

ȱ
Theȱ surfaceȱ conditionsȱ ofȱ 1925ȱ Elȱ Caminoȱ Deȱ Laȱ Luzȱ wereȱ investigatedȱ byȱ ourȱ
engineeringȱgeologistsȱandȱgeotechnicalȱengineersȱ fromȱ2008ȱ toȱ theȱpresentȱusingȱ totalȱ
stationȱtheodoliteȱsurveyingȱequipment,ȱmeasuringȱtapeȱandȱpace,ȱBruntonȱcompassȱandȱ
handȬlevelȱtechniques.ȱȱCotton,ȱShiresȱandȱAssociates,ȱInc.ȱ(CSA)ȱgeneratedȱanȱoriginal,ȱ
detailedȱtopographicȱbaseȱmapȱofȱtheȱparcel,ȱwithȱ2Ȭfootȱcontourȱintervals,ȱinȱ2010ȱwithȱ
totalȱstationȱtheodoliteȱsurveyingȱtechniques.ȱȱOutsideȱofȱtheȱparcel,ȱweȱaugmentedȱourȱ
topographyȱwithȱ theȱCityȬCountyȱ topographicȱbaseȱmapȱofȱ1997.ȱ ȱThisȱ2010ȱbaseȱmapȱ
wasȱ usedȱ forȱ ourȱ topographicȱ profiling,ȱ engineeringȱ geologicȱ mapping,ȱ andȱ slopeȱ
stabilityȱanalysis.ȱȱ

SmallȬDiameterȱExploratoryȱBoreholesȱ

ȱ
Theȱ subsurfaceȱ geologicȱ conditionsȱ atȱ 1925ȱ ElȱCaminoȱDeȱ Laȱ Luzȱwereȱ exploredȱ byȱ
excavatingȱ threeȱ smallȬdiameterȱ boreholesȱ inȱMayȱ 2011.ȱ ȱ Inȱ addition,ȱ twoȱ additionalȱ
smallȬdiameterȱboreholesȱwereȱ locatedȱonȱtheȱadjacentȱparcelȱatȱ1921ȱElȱCaminoȱDeȱLaȱ
Luzȱ duringȱ theȱ sameȱ timeȱ period.ȱ ȱ Theȱ smallȬdiameterȱ boreholesȱwereȱ excavatedȱ byȱ
BrittonȱDrillingȱofȱCampbell,ȱCalifornia,ȱwhoȱprimarilyȱutilizedȱmudȬrotary,ȱcontinuousȱ
coringȱ methods;ȱ however,ȱ theȱ upperȱ portionsȱ ofȱ theȱ boreholesȱ withinȱ artificialȱ fill,ȱ
weatheredȱ bedrockȱ andȱ landslideȱ debrisȱ wereȱ drilledȱ usingȱ hollowȬstemȱ augerȱ
techniques.ȱ ȱRetrievedȱcoresȱfromȱtheȱboringsȱwereȱbroughtȱbackȱtoȱourȱlaboratoryȱandȱ
loggedȱinȱdetailȱtoȱaugmentȱourȱonȬsiteȱlogging.ȱȱTheȱcoresȱremainȱinȱourȱlaboratoryȱforȱ
futureȱ inspections,ȱ asȱ necessary.ȱ ȱDetailedȱ logsȱ ofȱ theseȱ boringsȱ areȱ presentedȱ inȱ thisȱ
appendixȱ (followingȱ theȱ text).ȱ Theseȱ logsȱ depictȱ ourȱ interpretationȱ ofȱ theȱ subsurfaceȱ
conditionsȱ atȱ theȱ datesȱ andȱ locationsȱ indicated.ȱ ȱ Itȱ isȱ notȱ warrantedȱ thatȱ theyȱ areȱ
representativeȱofȱsubsurfaceȱconditionsȱatȱotherȱtimesȱandȱlocations.ȱȱTheȱcontactsȱonȱtheȱ
logsȱrepresentȱ theȱapproximateȱboundariesȱbetweenȱearthȱmaterials,ȱandȱ theȱ transitionȱ
mayȱ beȱ gradual.ȱ ȱ Representativeȱ samplesȱ ofȱ earthȱ materialsȱ wereȱ collectedȱ forȱ
subsequentȱ laboratoryȱ identificationȱ andȱ testingȱ (seeȱAppendixȱ Bȱ forȱ aȱ summaryȱ ofȱ
laboratoryȱtesting).ȱȱ

 A- 



 

 A- 

ȱ

ȱ

LargeȬDiameterȱExploratoryȱBoreholesȱ

ȱ
Twoȱ largeȬdiameterȱ boreholesȱ (24Ȭinchȱ diameter)ȱ wereȱ excavatedȱ byȱ RCȱ Drillingȱ ofȱ
Thousandȱ Oaks,ȱ Californiaȱ inȱ October,ȱ 2011ȱ forȱ theȱ purposeȱ ofȱ investigatingȱ theȱ
subsurfaceȱconditionsȱofȱ1925ȱElȱCaminoȱDeȱLaȱLuz.ȱ ȱAȱ thirdȱ largeȱdiameterȱboreholeȱ
wasȱexcavatedȱonȱtheȱadjacentȱpropertyȱatȱ1921ȱElȱCaminoȱDeȱLaȱLuzȱandȱwasȱusedȱtoȱ
aidȱinȱcorrelationȱofȱbedrockȱunitsȱatȱ1925ȱElȱCaminoȱDeȱLaȱLuz.ȱȱTheseȱboreholesȱwereȱ
downholeȱloggedȱbyȱourȱstaffȱandȱprincipalȱengineeringȱgeologistȱinȱOctober,ȱ2011.ȱWeȱ
selectivelyȱsampledȱcriticalȱearthȱmaterials,ȱsuchȱasȱ theȱweakestȱclaystoneȱ interbedsȱ inȱ
theȱ upperȱ boreholeȱ andȱ theȱ shearedȱmaterialsȱ inȱ theȱ lowerȱ borehole,ȱ forȱ laboratoryȱ
testing.ȱ ȱ Theȱ boreholesȱwereȱ backfilledȱwithȱ theȱ nativeȱ spoilsȱ andȱ compactedȱ usingȱ
tampingȱ methodsȱ withȱ theȱ drillȱ rigȱ Kellyȱ bar.ȱ ȱ Geologicȱ logsȱ ofȱ theȱ boreholesȱ areȱ
presentedȱinȱthisȱappendix.ȱȱ
ȱ
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APPENDIX B 
 

LABORATORY TESTING 
 
Theȱ laboratoryȱ testingȱ programȱ performedȱ byȱ CSAȱ andȱ Cooperȱ Testingȱ Labsȱ ofȱ
MountainȱView,ȱCaliforniaȱ consistedȱ ofȱ testingȱ ofȱ theȱMontereyȱ Formationȱ claystoneȱ
sampledȱ duringȱ theȱ fieldȱ investigationȱ toȱ evaluateȱ indexȱ propertiesȱ andȱ strengthȱ
parametersȱofȱsubsurfaceȱmaterials.ȱȱSamplesȱusedȱforȱlaboratoryȱtestingȱwereȱobtainedȱ
eitherȱ fromȱ relativelyȱ undisturbedȱ samplesȱ (Modifiedȱ Californiaȱ sampling)ȱ fromȱ theȱ
upperȱ portionsȱ ofȱ theȱ boreholes,ȱ disturbedȱ samplesȱ fromȱ theȱ mudȬrotaryȱ drillingȱ
(Atterbergȱ limitsȱ testing),ȱ orȱ bulkȱ samplesȱ excavatedȱ fromȱ theȱ sidewallsȱ ofȱ theȱ largeȬ
diameterȱboreholesȱ forȱsamplesȱ forȱdisturbed/remoldedȱ testing.ȱ ȱTheȱ rockȱdescriptionsȱ
andȱ theȱ fieldȱandȱ laboratoryȱ testȱresultsȱwereȱusedȱ toȱassignȱparametersȱ toȱ theȱvariousȱ
materialsȱatȱtheȱsite.ȱȱȱȱTheȱresultsȱofȱtheȱlaboratoryȱtestingȱprogramȱareȱpresentedȱinȱthisȱ
appendix.ȱ
ȱ

Theȱfollowingȱlaboratoryȱtestsȱwereȱperformedȱasȱpartȱofȱthisȱinvestigation:ȱ
ȱ

1.ȱ Detailedȱrockȱdescription:ȱASTMȱD2487;ȱ
2.ȱ Naturalȱmoistureȱcontentȱofȱtheȱrock:ȱASTMȱD2216;ȱ
3.ȱ InȬsituȱunitȱweightȱofȱtheȱrockȱ(wetȱandȱdry);ȱ
4.ȱȱ Atterbergȱlimitsȱdetermination:ȱASTMȱD4318;ȱ
5.ȱ Unconfinedȱcompression:ȱASTMȱD2166;ȱ
6.ȱ Triaxialȱ compressionȱ shearȱ strengthȱ (consolidated,ȱ undrained)ȱ ASTMȱ D4767;ȱ
ȱ and,ȱ
7.ȱ Remoldedȱtorsionalȱringȱshear:ȱASTMȱD6467.ȱ
ȱ

ȱ
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SOILS AND FINE-GRAINED FRACTION
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Equation of "A" line:
Horiz. At PI = 4 to LL = 25.5,
then PI = 0.73(LL - 20)

Equation of "U" line:
Vert. at LL = 16 to 
PI = 7, then
PI = 0.9(LL - 8)

SAMPLE DESCRIPTION BORING No./ 
SAMPLE No. DEPTH, Ft. LIQUID 

LIMIT, %
PLASTICITY 

INDEX, %
USCS 

SYMBOL
Silty Claystone; Dark Brown B-2/Box 1 35.5'-36' 61.0 11.4 MH

Claystone; Dark Brown B-2/Box 4 66'-67' 57.7 19.7 MH

*Reference: 1995 Annual Book of ASTM 
Standards; ASTM Designation D4318: 
Standard Test Method for Liquid Limit, 
Plastic Limit, and Plasticity Index of Soils
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Atterberg Limits

Project Proj No. G0058 Location

Hole
Sample

 
Description of Sample Silty Claystone; Dark Brown

COTTON, SHIRES, & ASSOCIATES, INC.

Felkay 1925 ECDLL; Above Headscarp

B-2 
B-2 Box 1 (35.5'-36')

 
Tested by

Trial Number 1 2 3 4
Tin Number 9 1 7 16
Weight of Tin 1.61 1.61 1.55 1.64
Number of Blows 7 12 26 42
Tin + Wet Soil 23.95 22.05 19.85 19.65
Tin+ Dry Soil 15 02 14 05 12 95 12 97

JN Date of Testing 8/22/2011

LIQUID LIMIT

Tin+ Dry Soil 15.02 14.05 12.95 12.97
Weight Water 8.93 8 6.9 6.68
Weight of Dry Soil 13.41 12.44 11.4 11.33
Moisture Content (%) 66.6 64.3 60.5 59.0

Trial Number 1 2 3 4
Tin Number AA-1 C n/a n/a
Weight of Tin 1.59 1.55
Tin + Wet Soil 6.89 6.87

PLASTIC LIMIT

Tin+ Dry Soil 5.13 5.11
Weight Water 1.76 1.76
Weight of Dry Soil 3.54 3.56 LL 61
Moisture Content (%) 49.7 49.4 PL 49.6

PI 11.4
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Atterberg Limits

Project Proj No. G0058 Location

Hole
Sample

 
Tested by

Trial Number 1 2 3 4
Tin Number X 17 A-2 V-5
Weight of Tin 1.7 1.58 1.59 1.51
Number of Blows 9 17 30 47
Tin + Wet Soil 21.38 18.73 17.94 13.06
Tin+ Dry Soil 13.88 12.32 11.98 9
Weight Water 7.5 6.41 5.96 4.06
Weight of Dry Soil 12.18 10.74 10.39 7.49
Moisture Content (%) 61.6 59.7 57.4 54.2

Trial Number 1 2 3 4
Tin Number HAA B n/a n/a
Weight of Tin 1.59 1.59
Tin + Wet Soil 5.91 7
Tin+ Dry Soil 4.72 5.51
Weight Water 1.19 1.49
Weight of Dry Soil 3.13 3.92 LL 57.7
Moisture Content (%) 38.0 38.0 PL 38.0

PI 19.7

8/22/2011

COTTON, SHIRES, & ASSOCIATES, INC.

LIQUID LIMIT

PLASTIC LIMIT

Felkay 1925 ECDLL; Above Headscarp
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Job No.: Boring: Date: 11/2/2011
Client: Sample: By: PJ
Project: Depth: Checked: DC
Soil Type: Clay, %: 39 X
Remarks: LL: 61
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Project:
Remarks:Client:Project No.

%<#200%<#40PIPLLLMATERIAL DESCRIPTION

LIQUID AND PLASTIC LIMITS TEST REPORT

Source: LD-2 Sample No.: #1 Elev./Depth: 16.5'

Figure

LIQUID AND PLASTIC LIMITS TEST REPORT

COOPER TESTING LABORATORY

USCS

Cotton, Shires & Associates026-504

MH89.294.018.338.656.9Brown Elastic SILT

Felkay - G0058

Source: LD-2 Sample No.: #2 Elev./Depth: 18.0'

MH92.398.319.041.660.6Brown Elastic SILT

Source: LD-1 Sample No.: #3a Elev./Depth: 20-20.5'

MH98.399.735.432.968.3Brown Elastic SILT

5 10 20 25 30 4054

58

62

66

70

74

NUMBER OF BLOWS

W
A

TE
R

 C
O

N
TE

N
T

10 30 50 70 90 110
LIQUID LIMIT

10

20

30

40

50

60
P

LA
S

TI
C

IT
Y

 IN
D

E
X

4
7 CL-ML

CL or OL

CH or OH

ML or OL MH or OH

Dashed line indicates the approximate
upper limit boundary for natural soils



(X=NO)PERCENTFINERSIZE

PASS?SPEC.*PERCENTSIEVE

Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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Figure026-504

Felkay - G0058
Cotton, Shires & Associates

20-20.5'
10/26/11LD-1#3a

MH

0.00350.00630.0266

35.468.332.9

Brown Elastic SILT

(no specification provided)

COOPER TESTING LABORATORY

100.0
99.8
99.7
99.6
99.5
98.3
89.3
85.3
79.2
70.7
64.7
57.5
51.8
47.8
43.0
34.8

#10
#30
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#50

#100
#200

0.0378 mm.
0.0272 mm.
0.0177 mm.
0.0106 mm.
0.0077 mm.
0.0056 mm.
0.0041 mm.
0.0029 mm.
0.0021 mm.
0.0012 mm.



(X=NO)PERCENTFINERSIZE

PASS?SPEC.*PERCENTSIEVE

Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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Felkay - G0058
Cotton, Shires & Associates

16.5'
10/26/11LD-2#1

MH

0.00400.00670.0396

18.356.938.6

Brown Elastic SILT

(no specification provided)

COOPER TESTING LABORATORY

100.0
98.5
97.5
94.5
94.0
93.3
91.9
89.2
84.7
81.3
74.4
67.1
62.8
56.3
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31.8

3/8 in.
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0.0382 mm.
0.0274 mm.
0.0179 mm.
0.0107 mm.
0.0077 mm.
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0.0029 mm.
0.0021 mm.
0.0012 mm.



(X=NO)PERCENTFINERSIZE

PASS?SPEC.*PERCENTSIEVE

Project No:

Project:
Client:

Elev./Depth:Location:
Date:Source of Sample:Sample No.:

Remarks

Classification

Coefficients

Atterberg Limits

Soil Description

*

AASHTO=USCS=

Cc=Cu=
D10=D15=D30=
D50=D60=D85=

PI=LL=PL=

Particle Size Distribution Report
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Felkay - G0058
Cotton, Shires & Associates

18.0'
10/26/11LD-2#2

MH

0.00380.00660.0325

19.060.641.6

Brown Elastic SILT

(no specification provided)

COOPER TESTING LABORATORY

100.0
98.8
98.3
97.5
95.8
92.3
86.8
82.8
76.2
68.8
62.8
57.2
51.0
46.0
39.7
31.1
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#100
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0.0382 mm.
0.0275 mm.
0.0179 mm.
0.0107 mm.
0.0077 mm.
0.0056 mm.
0.0041 mm.
0.0029 mm.
0.0021 mm.
0.0012 mm.



Triaxial Consolidated Undrained with Pore Pressure
ASTM D4767

Sample: 1 2 3 4

MC, % 43.8 37.4 48.4

DD, pcf 74.3 72.2 71.4

Sat. % 93.3 75.7 95.9

Void Ratio 1.268 1.334 1.361

Diameter in 2.40 2.42 2.40

Height, in 4.99 5.10 5.02

MC, % 43.8 40.0 45.1

DD, pcf 77.2 81.0 76.0

Final
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Stress-Strain Response

Sample 
1
Sample 
2

Sat. % 100.0 100.0 100.0

Void Ratio 1.183 1.080 1.218

Diameter, in 2.37 2.29 2.36

Height, in 4.92 5.06 4.88

Cell, psi 73.9 87.8 115.6

BP, psi 60.1 61.9 59.8

Job No.: 026-498 Date: 9/20/2011 Strain, % 5.0 5.0 5.0

Client: BY:DC Deviator ksf 4.820 15.813 7.823

Project: Excess PP 0.839 0.646 4.721

Sample 1) B-4;3 @ 9-9.5' Sigma 1 5.974 18.904 11.137

Sample 2) B-4;4 @ 16-16.5' Sigma 3 1.155 3.090 3.315
Sample 3) B-4;6 @ 21-21.5' P, ksf 3.565 10.997 7.226

Q, ksf 2.410 7.907 3.911

Stress Ratio 5.173 6.117 3.360

Rate in/min 0.0005 0.0005 0.0005

Total C #DIV/0! ksf
Total phi #DIV/0! degrees

Eff. C #DIV/0! ksf
Eff. Phi #DIV/0! degrees

The pore pressure responded differently by going negative for 
sample #2. This may indicate that the sample was different 
from the others in possibly soil type, structure and moisture 
content.

Brown Mottled White SILT w/ Sand & Gravel 

Effective Stresses At:

Felkay - G0058
Cotton, Shires & Associates

Brown Mottled White SILT

Pale Brown SILT Interming w/ Black Gravel

0

5000

10000

0 5 10 15 20 25

D

Strain, %



Triaxial Consolidated Undrained with Pore Pressure
ASTM D4767

Sample: 1 2 3 4

MC, % 40.2

DD, pcf 79.5

Sat. % 97.0

Void Ratio 1.118

Diameter in 2.39

Height, in 5.07

MC, % 39.4

DD, pcf 81.6

Final
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Stress-Strain Response

Sat. % 100.0

Void Ratio 1.064

Diameter, in 2.37

Height, in 5.01

Cell, psi 87.8

BP, psi 61.4

Job No.: 026-498 Date: 9/23/2011 Strain, % 5.0

Client: BY:DC Deviator ksf 11.318

Project: Excess PP 1.412

Sample 1) B-2;MC-5 @ 26-26.5' Sigma 1 13.713

Sample 2) Sigma 3 2.394
Sample 3) P, ksf 8.054

Q, ksf 5.659

Stress Ratio 5.727

Rate in/min 0.0005

Total C #DIV/0! ksf
Total phi #DIV/0! degrees

Eff. C #DIV/0! ksf
Eff. Phi #DIV/0! degrees

Effective Stresses At:

Felkay - G0058
Cotton, Shires & Associates

Pale Brown Sandy CLAY (Silty)
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Job No.: Boring: Date: 9/23/2011
Client: Sample: By: PJ
Project: Depth: Checked: DC
Soil Type: Clay, %: 14 X

Remarks: LL: 17
2000 4000 8000 PL: 14 Residual: X

32 31 31

026-498 Undisturbed:
Peak:
Residual:

B-5
MC-2 & MC-3

10.5-11.5'
Cotton Shires & Associates

Felkay - G0058

Normal Stress, psf
Secant Phi, deg.

Fully Softened:

Peak:

Brown Sandy SILT
Sample prepared over the #200 sieve.  A small friction 
correction was applied to each point
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CTL Job No: Project No. G0058 By: RU
Client: Date: 09/20/11
Project Name: Remarks:

Boring: B-1 B-1 B-5
Sample: MC-7 MC-13 MC-1
Depth, ft: 11-11.5 26-26.5 6-6.5
Visual
Description:

Actual      Gs

Assumed Gs 2.70 2.70 2.70
Moisture,  % 49.3 43.4 9.9
Wet Unit wt, pcf 88.9 108.4 114.5
Dry Unit wt,  pcf 59.6 75.6 104.2
Dry Bulk Dens.ȡb, (g/cc) 0.95 1.21 1.67
Saturation, % 72.7 95.2 43.0

Cotton, Shires & Assoc.
026-498

Felkay

Very Dark 
Brown 
Clayey 

SAND w/ 
Gravel 

(Weathered 
Claystone)

Olive 
Brown 
CLAY

Dark 
Brown 
Clayey 
SAND 
(Silty)

Moisture-Density-Porosity Report
Cooper Testing Labs, Inc. (ASTM D 2937)

Saturation,  % 72.7 95.2 43.0
Total Porosity,   % 64.7 55.2 38.2
Volumetric Water Cont,Ԧw 47.0 52.5 16.4
Volumetric Air Cont., Ԧa 17.7 2.7 21.8
Void Ratio 1.83 1.23 0.62
Series 1 2 3 4 5 6 7 8
Note: All reported parameters are from the as-received sample condition unless otherwise noted.  If an assumed specific gravity (Gs) was used then the saturation, 
porosities, and void ratio should be considered approximate.
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Project:
Remarks:Client:Project No.

%<#200%<#40PIPLLLMATERIAL DESCRIPTION

LIQUID AND PLASTIC LIMITS TEST REPORT

Source: B-1 Sample No.: MC-11 Elev./Depth: 21.0-21.5'

Figure

LIQUID AND PLASTIC LIMITS TEST REPORT

COOPER TESTING LABORATORY

USCS

Cotton, Shires & Associates026-498

28.032.260.2Olive Brown Sandy Elastic SILT, trace Gravel

Felkay - G0058

Source: B-1 Sample No.: MC-14 Elev./Depth: 25.5-26.0'

42.731.574.2Olive Brown Fat CLAY

Source: B-5 Sample No.: MC-2+MC-3 Elev./Depth: 10.5-11.5'

ML52.695.53.114.117.2Brown Sandy SILT
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Dashed line indicates the approximate
upper limit boundary for natural soils



COOPER TESTING LABORATORY

9/16/11

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Brown Sandy SILT
3/4"
3/8"
#4
#10
#30
#40
#50

#100
#200

0.0455 mm.
0.0327 mm.
0.0212 mm.
0.0125 mm.
0.0089 mm.
0.0064 mm.
0.0045 mm.
0.0032 mm.
0.0023 mm.
0.0013 mm.

100.0
99.7
99.2
98.9
97.7
95.4
88.1
64.3
52.6
42.6
37.9
31.6
26.5
24.2
20.9
19.4
17.0
14.4
11.8

14 17 3

0.3207 0.2717 0.1230
0.0656 0.0186 0.0025

ML

Cotton, Shires & Associates
Felkay - G0058

026-498

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: B-5 Depth: 10.5-11.5'
Sample Number: MC-2+MC-3 Date:

Client:
Project:

Project No: Figure
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SUMMARY OF ATTERBERG LIMITS
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MH or OH
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CL or OL

"U" Line

"A" Line

FOR CLASSIFICATION OF FINE-GRAINED
SOILS AND FINE-GRAINED FRACTION
OF COARSE-GRAINED SOILS*

Equation of "A" line:
Horiz. At PI = 4 to LL = 25.5,
then PI = 0.73(LL - 20)

Equation of "U" line:
Vert. at LL = 16 to 
PI = 7, then
PI = 0.9(LL - 8)

SAMPLE DESCRIPTION BORING No./ 
SAMPLE No. DEPTH, Ft. LIQUID 

LIMIT, %
PLASTICITY 

INDEX, %
USCS 

SYMBOL
Claystone; greyish brown with orange B-4/Box 1 24'-24.6' 71.3 37.5 CH

Sandy Silty Claystone; medium yellow brown B-4/Box 7 89'-89.5' 47.6 8.5 ML

*Reference: 1995 Annual Book of ASTM 
Standards; ASTM Designation D4318: 
Standard Test Method for Liquid Limit, 
Plastic Limit, and Plasticity Index of Soils

COTTON, SHIRES & ASSOCIATES, INC.
CONSULTING ENGINEERS  A ND GEOLOGISTS



Atterberg Limits

Project Proj No. G0058 Location

Hole
Sample

 
Tested by

Trial Number 1 2 3 4
Tin Number 42 36 L-3 15
Weight of Tin 1.6 1.63 1.68 1.57
Number of Blows 9 13 24 50
Tin + Wet Soil 21.23 20.72 26.04 22.01
Tin+ Dry Soil 12.63 12.52 15.86 13.87
Weight Water 8.6 8.2 10.18 8.14
Weight of Dry Soil 11.03 10.89 14.18 12.3
Moisture Content (%) 78.0 75.3 71.8 66.2

Trial Number 1 2 3 4
Tin Number 58 51 8 n/a
Weight of Tin 1.61 1.65 1.62
Tin + Wet Soil 3.6 3.8 4.94
Tin+ Dry Soil 3.09 3.28 4.08
Weight Water 0.51 0.52 0.86
Weight of Dry Soil 1.48 1.63 2.46 LL 71.3
Moisture Content (%) 34.5 31.9 35.0 PL 33.8

PI 37.5

8/22/2011

COTTON, SHIRES, & ASSOCIATES, INC.

LIQUID LIMIT

PLASTIC LIMIT

Felkay 1921 ECDLL; Above Headscarp

B-4 Box 1 (24'-24.6') Description of Sample Claystone; greyish brown with orange

JN Date of Testing

B-4 

Unified Soil Classification: CH

y = -6.77ln(x) + 92.87
R² = 0.9964
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COTTON, SHIRES & ASSOCIATES, INC.
CONSULTING ENGINEERS  A ND GEOLOGISTS



Atterberg Limits

Project Proj No. G0058 Location

Hole
Sample

 
Description of Sample Sandy Silty Claystone; medium yellow brown

COTTON, SHIRES, & ASSOCIATES, INC.

Felkay 1921 ECDLL; Above Headscarp

B-4 
B-4 Box 7 (89'-89.5')

 
Tested by

Trial Number 1 2 3 4
Tin Number RA 18 12 13
Weight of Tin 1.6 1.54 1.6 1.57
Number of Blows 11 17 23 28
Tin + Wet Soil 14.96 25.61 28.53 20.3
Tin+ Dry Soil 10 23 17 74 19 69 14 32

JN Date of Testing 8/22/2011

LIQUID LIMIT

Tin+ Dry Soil 10.23 17.74 19.69 14.32
Weight Water 4.73 7.87 8.84 5.98
Weight of Dry Soil 8.63 16.2 18.09 12.75
Moisture Content (%) 54.8 48.6 48.9 46.9

Trial Number 1 2 3 4
Tin Number H-5 8 0 n/a
Weight of Tin 1.55 1.51 1.58
Tin + Wet Soil 5.07 3.65 3.55

PLASTIC LIMIT

Tin+ Dry Soil 4.04 3.07 3
Weight Water 1.03 0.58 0.55
Weight of Dry Soil 2.49 1.56 1.42 LL 47.6
Moisture Content (%) 41.4 37.2 38.7 PL 39.1

PI 8.5

80.056.0 B-4 Box 7 (89'-89.5')

y = -6.77ln(x) + 92.87
R² = 0.9964
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R² = 0.9964
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Unified Soil Classification: ML

COTTON, SHIRES & ASSOCIATES, INC.COTTON, SHIRES & ASSOCIATES, INC.
CONSULTING ENGINEERS  A ND GEOLOGISTS



 
 
 

 
 
 
 
 

APPENDIX C 
 

INSTRUMENTATION 
 

Summary of Piezometer Data 
Summary of Inclinometer Data 
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APPENDIX C 
 
 

MONITORING 
 
 
Inclinometersȱ
ȱ
CSAȱinstalledȱthreeȱinclinometersȱonȱtheȱparcel,ȱidentifiedȱasȱSIȬ1,ȱSIȬ2,ȱandȱSIȬ3,ȱwhichȱ
haveȱ functionedȱ throughoutȱ theȱmeasurementȱ periodȱ andȱ areȱ proposedȱ toȱ remainȱ inȱ
placeȱ andȱ beȱ periodicallyȱmonitoredȱ throughȱ theȱ projectȱ regulatoryȱ reviewȱ process.ȱȱ
InclinometerȱSIȬ1ȱisȱlocatedȱupslopeȱofȱtheȱproposedȱresidentialȱenvelopeȱandȱupslopeȱofȱ
theȱ1978ȱ landslide,ȱeastȱofȱ theȱparcelȱdrivewayȱnearȱelevationȱ131ȱ feet.ȱ ȱSIȬ2ȱ isȱ locatedȱ
withinȱtheȱproposedȱresidentialȱdevelopmentȱenvelopeȱandȱwithinȱtheȱheadscarpȱofȱtheȱ
1978ȱ landslide,ȱnearȱelevationȱ120ȱ feet.ȱ ȱSIȬ3ȱ isȱ locatedȱnearȱ theȱdownslopeȱedgeȱofȱ theȱ
proposedȱ residentialȱdevelopmentȱenvelopeȱandȱwithinȱ theȱupperȱportionȱofȱ theȱ1978ȱ
landslide,ȱnearȱelevationȱ88ȱfeet.ȱTheȱthreeȱinclinometers,ȱwithȱ2.75Ȭinchȱcasingȱdiameter,ȱ
wereȱ installedȱ toȱnearȱ theȱ fullȱdepthȱofȱ smallȱdiameterȱboreholesȱBȬ1,ȱBȬ2,ȱandȱBȬ3,ȱ toȱ
depthsȱofȱ98ȱfeetȱinȱSIȬ1,ȱ94ȱfeetȱinȱSIȬ2,ȱandȱ100ȱfeetȱinȱSIȬ3,ȱandȱwereȱgroutedȱinȬplace.ȱ
Theȱ inclinometersȱ wereȱ installedȱ betweenȱ Mayȱ 11ȱ andȱ Mayȱ 19,ȱ 2011,ȱ withȱ initialȱ
readingsȱ takenȱ betweenȱ Mayȱ 19ȱ andȱ Juneȱ 1,ȱ 2011.ȱ ȱ Theȱ mostȱ recentȱ readingȱ wasȱ
performedȱonȱ Januaryȱ5,ȱ2012.ȱ ȱTheȱ inclinometerȱdataȱ indicateȱ thatȱ thereȱhasȱbeenȱnoȱ
movement,ȱwithinȱtheȱstatisticalȱaccuracyȱlimitsȱofȱtheȱinstruments,ȱeitherȱofȱtheȱhillsideȱ
aboveȱtheȱ1978ȱlandslideȱorȱofȱtheȱ1978ȱlandslideȱareaȱnearȱSIȬ3.ȱȱȱ
ȱ
ȱPiezometersȱ
ȱ
CSAȱ installedȱ threeȱ piezometersȱ inȱ smallȬdiameterȱ boringsȱ BȬ1,ȱ BȬ2,ȱ andȱ BȬ3,ȱ eachȱ
consistingȱ 2ȱ vibratingȱ wireȱ piezometerȱ sensorsȱ thatȱ areȱ usedȱ toȱ recordȱ inȬsituȱ
groundwaterȱ poreȱ pressures.ȱ Theȱ piezometersȱ haveȱ functionedȱ throughoutȱ theȱ
measurementȱperiodȱandȱareȱproposedȱtoȱremainȱinȱplaceȱandȱbeȱperiodicallyȱmonitoredȱ
throughȱ theȱprojectȱregulatoryȱreviewȱprocess.ȱ ȱTwoȱofȱ theȱpiezometersȱ (SIȬ1ȱandȱSIȬ2)ȱ
areȱ locatedȱupslopeȱ ofȱ theȱ 1978ȱ landslideȱdebris,ȱ andȱ 1ȱ ofȱ theseȱpiezometersȱ (SIȬ3)ȱ isȱ
locatedȱwithȱ theȱ 1978ȱ landslideȱdebris.ȱ ȱTwoȱ vibratingȱwireȱpiezometerȱ sensorsȱwereȱ
installedȱinȱeachȱofȱtheȱthreeȱboreholes,ȱwithȱoneȱatȱaȱmidȬrangeȱdepthȱofȱbetweenȱ38ȱandȱ
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45ȱfeet,ȱandȱoneȱdeepȱsensorȱbetweenȱ88ȱandȱ93ȱfeetȱbelowȱgroundȱsurface.ȱȱPiezometersȱ
wereȱattachedȱtoȱtheȱsidesȱofȱtheȱinclinometerȱcasingȱduringȱinstallationȱandȱgroutedȱinȱ
place.ȱȱWaterȱlevelsȱwereȱrecordedȱinȱtheseȱinstrumentsȱ(seeȱattachedȱpiezometerȱgraphsȱ
inȱthisȱAppendix)ȱbetweenȱmidȬMayȱ2011ȱandȱearlyȱJanuaryȱ2012.ȱ ȱGroundwaterȱlevelsȱ
haveȱ experiencedȱ littleȱ fluctuationȱ duringȱ theȱ monitoringȱ period,ȱ andȱ generallyȱ
correspondȱwithȱtheȱtransitionȱfromȱoxidizedȱtoȱunoxidizedȱbedrockȱbetweenȱ22ȱandȱ35ȱ
feetȱbelowȱtheȱgroundȱsurface.ȱTheȱdeepȱandȱshallowȱsensorsȱrevealȱgroundwaterȱlevelsȱ
nearlyȱatȱtheȱsameȱrespectiveȱelevations,ȱ indicatingȱthatȱneitherȱartesianȱconditionsȱnorȱ
perchedȱwaterȱtablesȱwereȱpresentȱatȱtheȱsiteȱduringȱtheȱmeasurementȱperiod.ȱ
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SSA Run 
# Slope Condition Analyzed

Lower SP 
Wall 

(kips)

Upper SP 
Wall 

(kips)
TB (kips) FS

1 Back-Calculation of existing slide debris surface N/A N/A N/A 1.01

2 Slide debris In place (Critical Surface obtained from post-construction 
condition Run 5) N/A N/A N/A 2.38

2A Potential bedding failure with slide debris in place N/A N/A N/A 2.41

3 Same as Run 2, but with slide debris removed (Critical Surface obtained 
from post-construction condition Run 5) N/A N/A N/A 1.66

3A Potential bedding failure with slide debris removed (same Critical Surface as 
Run 2A) N/A N/A N/A 1.96

3B Deep Block Search with debris removed N/A N/A N/A 1.58

4 Shallow Surface from Run 7, no SP or slide debris N/A N/A N/A 1.39

4A Same as 4, but with slide debris in place N/A N/A N/A 1.88

5 Critical Deep Surface, post construction of SP walls/ TBs / house loads, 
slide debris removed downslope of lower SP 40 50 100 1.68

6 Same Critical Surface and construction as Run 5, Seismic with k=0.15 40 50 100 1.23

7 Potential failure through upper shear pin wall (post construction, slide debris 
removed downslope of lower SP) 40 50 100 2.15

8 Same as Run 7, now with seismic k=0.15 40 50 100 1.24

9 Same as Run 5, with landslide debris in place downslope of lower SP 40 50 100 2.42

10 Same as Run 5, with landslide debris in place downslope of lower SP, now 
with seismic k=0.15 40 50 100 1.66
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2.38

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered)      
Name: Landslide Debris      Unit Weight: 89 pcf     Cohesion: 0 psf     Phi: 19 °     

FOS: 2.38
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock
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2.41

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered)      
Name: Landslide Debris      Unit Weight: 89 pcf     Cohesion: 0 psf     Phi: 19 °     

FOS: 2.41
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0

Piezometric Line: 1
Weathered Bedrock
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1.66

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered)      

FOS: 1.66
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock
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1.96

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered)      

FOS: 1.96
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock
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1.58

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered)      

FOS: 1.58
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Block
Piezometric Line: 1
Horz Seismic Load: 0

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock
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1.39

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered)      

FOS: 1.39
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock
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1.88

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered)      
Name: Landslide Debris      Unit Weight: 89 pcf     Cohesion: 0 psf     Phi: 19 °     

FOS: 1.88
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock
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1.68

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered)      
Name: Landslide Debris      Unit Weight: 89 pcf     Cohesion: 0 psf     Phi: 19 °     
Name: Af      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     

FOS: 1.68
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock

Type: Pile
Total Length: 40 ft
Shear Capacity: 40000 lbs
Pile Spacing: 6 ft

Type: Anchor
Total Length: 65 ft 
Tension per Anchor: 100000 lbs 
Anchor Spacing: 6 ft

Type: Pile
Total Length: 40 ft
Shear Capacity: 50000 lbs
Pile Spacing: 6 ft

Point Load
Magnitude: 850 lbs
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1.23

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered)      
Name: Landslide Debris      Unit Weight: 89 pcf     Cohesion: 0 psf     Phi: 19 °     
Name: Af      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     

FOS: 1.23
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0.15

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock

Type: Pile
Total Length: 40 ft
Shear Capacity: 40000 lbs
Pile Spacing: 6 ft

Type: Anchor
Total Length: 65 ft 
Tension per Anchor: 100000 lbs 
Anchor Spacing: 6 ft

Type: Pile
Total Length: 40 ft
Shear Capacity: 50000 lbs
Pile Spacing: 6 ft

Point Load
Magnitude: 850 lbs
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Run #6



2.15

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered
Name: Landslide Debris      Unit Weight: 89 pcf     Cohesion: 0 psf     Phi: 19 °     
Name: Af      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     

FOS: 2.15
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock

Type: Pile
Total Length: 40 ft
Shear Capacity: 40000 lbs
Pile Spacing: 6 ft

Type: Anchor
Total Length: 65 ft 
Tension per Anchor: 100000 lbs 
Anchor Spacing: 6 ft

Type: Pile
Total Length: 40 ft
Shear Capacity: 50000 lbs
Pile Spacing: 6 ft

Point Load
Magnitude: 850 lbs

Distance
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

E
le

va
tio

n

-50

0

50

100

150

200

250

300

350

400

450

CO
Run #7



1.24

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered
Name: Landslide Debris      Unit Weight: 89 pcf     Cohesion: 0 psf     Phi: 19 °     
Name: Af      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     

FOS: 1.24
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0.15

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock

Type: Pile
Total Length: 40 ft
Shear Capacity: 40000 lbs
Pile Spacing: 6 ft

Type: Anchor
Total Length: 65 ft 
Tension per Anchor: 100000 lbs 
Anchor Spacing: 6 ft

Type: Pile
Total Length: 40 ft
Shear Capacity: 50000 lbs
Pile Spacing: 6 ft

Point Load
Magnitude: 850 lbs

Distance
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

E
le

va
tio

n

-50

0

50

100

150

200

250

300

350

400

450

CO
Run #8



2.42

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered)      
Name: Landslide Debris      Unit Weight: 89 pcf     Cohesion: 0 psf     Phi: 19 °     
Name: Af      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     

FOS: 2.42
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock

Type: Pile
Total Length: 40 ft
Shear Capacity: 40000 lbs
Pile Spacing: 6 ft

Type: Anchor
Total Length: 65 ft 
Tension per Anchor: 100000 lbs 
Anchor Spacing: 6 ft

Type: Pile
Total Length: 40 ft
Shear Capacity: 50000 lbs
Pile Spacing: 6 ft

Point Load
Magnitude: 850 lbs
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1.66

Name: Weathered Bedrock      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     Phi-Anisotropic Strength Fn.: Phi=45 (weathered)      
Name: Unweathered Bedrock      Unit Weight: 110 pcf     Cohesion: 1 psf     Phi: 32 °     C-Anisotropic Strength Fn.: X-bed Cohesion (Unweathered)=2000      Phi-Anisotropic Strength Fn.: Phi=40 (unweathered)      
Name: Landslide Debris      Unit Weight: 89 pcf     Cohesion: 0 psf     Phi: 19 °     
Name: Af      Unit Weight: 105 pcf     Cohesion: 0 psf     Phi: 25 °     

FOS: 1.66
Name: SLOPE/W Analysis
Method: Morgenstern-Price
Slip Surface Option: Fully-Specified
Piezometric Line: 1
Horz Seismic Load: 0.15

Piezometric Line: 1
Weathered Bedrock

Unweathered Bedrock

Type: Pile
Total Length: 40 ft
Shear Capacity: 40000 lbs
Pile Spacing: 6 ft

Type: Anchor
Total Length: 65 ft 
Tension per Anchor: 100000 lbs 
Anchor Spacing: 6 ft

Type: Pile
Total Length: 40 ft
Shear Capacity: 50000 lbs
Pile Spacing: 6 ft

Point Load
Magnitude: 850 lbs
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